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PREFACE 


TO  THE  SECOND  EDITION. 


The  object  of  the  author  in  this  book  is  to  present  the  phi« 
losophj  of  chemistry  in  such  a  form  that  it  can  be  made  with 
profit  the  subject  of  college  recitations,  and  furnish  the  teacher 
with  the  means  of  testing  the  student's  faithfulness  and  ability. 
With  this  view  the  subject  has  been  developed  in  a  logical 
order,  and  the  principles  of  the  science  are  taught  indepen- 
dently of  the  experimental  evidence  on  which  they  rest  It 
is  assumed  that  the  student  has  already  been  made  familiar 
with  this  evidence,  and  with  the  more  elementary  facts  which 
the  philosophy  of  the  science  attempts  to  interpret  At  most 
of  our  American  colleges  this  instruction  is  given  in  a  course 
of  experimental  lectures ;  but  for  less  mature  students  a  course 
of  manipulation  in  the  laboratory  will  be  found  a  far  more  effi- 
cient mode  of  teaching,  and  some  preliminary  training  of  this 
kind  ought  to  be  made  one  of  the  requisites  for  admission  to 
our  higher  institutions  of  learning.^  The  author  has  found  by 
long  ezporience  that  a  recitation  on  mere  facts,  or  descriptions 
of  apparatus  and  experiments,  is  to  the  great  mass  of  college 
undergraduates  all  but  worthless,  while  the  study  of  the  phi- 
losophy of  chemistry  may  be  made  highly  profitable  both  for 
instruction  and  discipline.  It  must  never  be  forgotten,  how- 
ever, that  chemistry  is  peculiarly  an  experimental  science,  and 
that  the  chief  value  of  its  culture  in  a  college  course  depends 
on  the  facilities  which  it  affords  for  cultivating  the  power  of 
observation,  and  for  teaching  the  methods  of  experimental  in- 

1  For  such  a  course  of  practical  study  the  student  can  desire  no  better  guide 
than  the  excellent  work  of  Professors  Eliot  and  Storer,  recently  published, 
**  A  Manual  of  Inorganic  Chemistry,  arranged  to  facilitate  the  Experimental 
Demonstration  of  the  Facts  and  Principles  of  the  Science."  By  C.  W.  Eliot 
and  P.  H.  Storer.  New  York,  1868. 
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yestigation.  It  is  not  to  be  expected  or  desired  that  many  of 
our  college  graduates  should  become  professional  chemists,  but 
it  is  all  important  that  every  man  of  culture  should  understand 
or  at  least  appreciate  the  methods  and  the  inductive  logic  of 
physical  science.  Tbe  elementary  UictM  of  chemistry  can  be 
efficiently  taught  only  by  leading  the  student  to  observe  for 
himself  the  phenomena  in  which  they  appear,  and  the  attempt 
to  learn  them  memortter  from  a  text-book  will  not  only  fail  in 
its  immediate  object,  but  miss  the  chief  end  of  scientific  study. 
The  author,  therefore,  would  most  earnestly  deprecate  the  use 
t>f  this  book  except  as  sappiemeotaiy  to  some  coarse  of  labora- 
tory or  lecture*room  instruction.  It  is  only  after  the  student 
has  become,  in  some  limited  measure  at  least,  familiar  with 
ehemical  phenomena,  that  he  is  prepared  to  study  the  science 
in  a  systematic  way ;  bat  all  who  have  this  preparation  will 
acqaire  most  rapidly  a  general  hnowiedge  of  the  whole  Jidd 
when  the  subject  is  presented  in  a  condensed  and  deductive 
form.  The  author  has  had  especially  in  view  this  class  of  sta- 
dents,  and  has  endeavored  to  meet  their  wants. 

Part  I.  of  the  book  contains  a  statement  of  the  general  laws 
and  theories  of  chemistry,  an  explanation  of  its  nomenclature 
and  mode  of  symbolical  notation,  together  with  so  much  of  the 
principles  of  molecular  physka  as  are  constantly  applied  in 
chemical  investigations.  It  might  be  figuratively  called  a 
grammar  of  the  science.  It  is  intended  to  be  studied  inde* 
pendently  in  consecutive  lessons,  and  is  adapted  for  class-room 
recitations,  which  should  be  accompanied,  however,  by  such 
experiments  or  farther  explanations  as  tbe  teacher  may  find 
necessary  to  render  the  sal^'ect  intelligible. 

Part  n.  of  the  book  presents  the  scheme  of  the  chemical 
elements.  It  should  only  be  studied  in  connection  with  exper- 
imental lectures  or  laboratory  work,  and  will  be  found  chiefly 
QsefVil  for  systematizing  and  reviewing  the  facts  and  phenomena 
observed  in  the  lecture-room  or  laboratory.  It  is  in  fact  a  note- 
book intended  to  aid  the  student  in  gaining  the  greatest  benefit 
from  a  course  of  systematic  lectures,  enabling  him  to  insure 
the  accuracy  of  his  knowledge,  and  giving  the  teacher  the 
means  of  testing  the  student's  acquirements. 

The  value  of  problems  as  means  of  culture  and  tests  of  at- 
tainment can  hardly  be  overestimated,  and  they  have  therefore 
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been  made  a  chief  feature  ki  this  hock.  Since  those  which 
are  here  giren  are  chieflj  intended  as  guides  to  the  student, 
the  answen  have  always  been  added ;  and  where  the  method 
was  not  obvious,  the  chief  steps  in  the  solution  have  been  given 
as  welL  Every  teacher  will  be  able  to  multiply  problems  after 
these  models  to  suit  his  own  requirements. 

The  questions,  which  accompany  the  problems,  form  another 
essential  feature  in  the  plan  of  instruction  here  presented. 
They  are  intended  not  only  to  direct  the  student's  attention  to 
the  most  important  points,  bat  also  to  stimulate  thought  by  sug- 
gesting inferences  to  which  the  principles  stated  legitimately 
lead. 

These  questions,  moreover,  will  indicate  to  the  teacher  the 
manner,  in  which  it  is  intended  that  the  book  should  be  studied. 
Care  should  be  taken  not  to  overstrain  the  memory,  but  to  dis- 
tribute the  necessary  burthen  through  many  lessons.  Thus,  for 
the  first  seven  chapters,  the  student  should  not  be  expected  to 
reproduce  the  symbols  and  reactions,  nor  even  to  call  the 
names  of  the  substances  represented,  except  those  of  the  sub* 
stances  with  which  he  is  familiar.  It  will  be  sufficient  fbr 
the  time  if  he  understands  the  principles  which  the  symbols 
iOustrate,  and  the  relations  of  the  parts  of  the  reactions,  al- 
though as  yet  these  conventional  signs  may  have  for  him  no 
more  definite  meaning  than  the  paradigms  of  a  grammar.  As 
he  advances  through  chapters  YIII.  and  IX.,  he  should  be 
expected  to  fiuniliarize  himself  with  the  names  of  the  com- 
pounds, and  should  begm  to  reproduce  the  symbols.  When 
reciting  on  chapter  X.  be  should  be  called  upon  to  give  not 
only  the  names  of  all  the  symbols,  but  also  the  symbols  corre- 
sponding to  all  the  names,  and  so  on  for  the  rest  of  the  book. 
In  reviewing  the  book  a  full  knowledge  of  the  names  and  sym- 
bols will  be  of  course  expected  from  the  first.  The  questions 
and  problems  appended  to  each  chapter  will  give  the  student 
a  dear  idea  of  what-  in  any  case  will  be  required.  The  author 
has  been  in  the  habit  of  writing  out,  for  his  own  class,  similar 
problems  on  separate  cards,  together  with  the  names,  symbols, 
reactions  or  other  data,  which  may  in  any  case  be  given. 
These  cards  are  distributed  at  the  beginning  of  each  recitation, 
and  the  student  is  not  called  upon  to  recite  until  he  has  placed 
his  work  upon  the  blackboard.  This  plan  obviates  many  prac- 
tical difficulties,  and  has  been  found  to  work  with  great  success. 
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In  arranging  the  chapters  of  Part  T.  the  only  aim  has  been 
to  present  the  several  sabjects  in  a  logical  sequence,  and  in 
other  respects  the  order  adapted  is  not  alwajs  the  most  philo- 
sophical; bat  the  teacher  can  of  course  vary  the  order  at 
pleasure.  So  also  in  regard  to  Part  II.,  the  teacher  may  pre- 
fer to  take  np  the  elements  in  his  lectures  in  a  different  order 
from  that  in  which  they  are  there  classified,  but  then  the  sev- 
eral sections  may  be  studied  in  any  order  he  would  be  likely  to 
adopt  with  equal  advantage. 

The  philosophy  of  chemistry  has  been  developed  in  this 
book  according  to  the  ^  modem  theories  " ;  and  the  author 
would  acknowledge  his  obligations  to  the  recent  works  of 
Frankland,  Eekul^,  Miller,  Naqnet,  Roscoe,  Watts,  William- 
son, and  Wurtz,  all  of  which  he  has  freely  consulted.  Care- 
ful attention  has  been  given  to  the  chemical  notation ;  and  a 
method  has  been  devised  of  writing  rational  symbols  which, 
while  it  fully  exhibits  the  relations  of  the  parts  of  the  mole- 
cule, condenses  the  formulse,  and  saves  space  and  labor  in 
printing.  The  nomenclature  adopted  accords  with  what  the 
antlior  regards  as  the  best  English  usage.  Innovations  would 
hardly  be  justified  in  an  elementary  work,  but  every  one  must 
regret  that  the  usage  is  not  more  uniform  and  consistent  with 
the  modem  chemiod  philosophy.  In  the  chapter  on  this  sub- 
ject, the  old  names  are  given  with  the  new.  Lastly,  the  me- 
tric system  of  weights  and  measures,  and  the  centigrade  scale 
of  the  thermometer,  are  used  throughout  the  book. 

In  reviewing  the  work  for  a  new  edition,  the  chapter  on  the 
Electrical  Relations  of  the  Atoms  has  been  rewritten,  and  the 
facU  presented  in  the  light  of  a  new  theory,  which  it  is  ho[>ed 
will  bring  them  into  more  intelligible  relations.  Important 
additions  have  also  been  made  to  the  chapters  on  Stochiometry 
and  Chemical  Equivalency,  and  a  new  chapter  has  been  added 
which  treats  of  a  number  of  interesting  but  highly  complex 
compounds  that  were  not  included  in  the  general  plan  of  the 
book,  and  may  be  more  advantageously  studied  in  an  appen- 
dix. Moreover,  throughout  the  book  the  text  has  been  altered 
wherever  corrections  have  been  made  necessary  by  the  recent 
progress  of  the  sdenoe. 

CAXBaiPOB,  September  1, 1871. 
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PART    I. 

CHAPTER   I. 

INTRODUCTION. 

1.  Definitions.  —  The  volume  of  a  body  is  the  space  it  fills, 
expressed  in  terms  of  an  assumed  unit  of  volume.  The  weight 
of  a  body,  as  the  word  is  used  in  chemistry  and  generally  in 
common  life,  is  the  amount  of  material  which  the  body  con- 
tains compared  with  that  in  some  other  body  assumed  as  the 
unit  of  weight.  The  specific  gravity  of  a  body  is  the  ratio  of 
its  weight  to  that  of  an  equal  volume  of  some  substance  which 
has  been  selected  as  the  standard.  Solids  and  liquids  are  al- 
ways compared  with  water  at  its  greatest  density,  which  is  at 
4^  centigrade,  and  hence  the  numbers  which  stand  for  their 
specific  gravities  express  how  many  times  heavier  they  are 
than  an  equal  volume  of  water  at  this  temperature.  Gases, 
however,  are  most  conveniently  compared  with  the  lightest  of 
all  known  forms  of  matter,  namely,  hydrogen,  and  in  this  book 
the  number  which  indicates  the  specific  gravity  of  a  gas  ex- 
presses how  many  times  heavier  it  is  than  an  equal  volume  of 
hydrogen,  compared  under  the  same  conditions  of  temperature 
and  pressure. 

2.  Volume  and  Weight,  —  All  experimental  science  rests 
upon  accurate  measurements  of  these  fundamental  elements, 
and  it  is  therefore  very  important  that  there  should  be  a  gen- 
eral agreement  among  scientific  men  in  regard  to  them.     This 
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has  been  secured  by  the  almost  universal  adoption  of  the 
French  system  of  measures  and  weights  in  all  scientific  inves- 
tigations. The  details  of  this  system  are  given  in  Table  I., 
and  they  require  no  further  explanation.  Its  great  advan- 
tage over  our  ordinary  English  system  is  not  only  in  its  deci- 
mal subdivision,  but  also  in  the  simple  relation  which  exists 
between  the  units  of  measure  and  of  weight.  Since  the  unit 
of  weight  is  the  weight  of  the  unit  volume  of  water,  and  since 
the  specific  gravity  of  solids  and  liquids  is  always  referred  to 
water,  as  the  standard,  it  is  always  true  in  this  system  that 

W=i  VX  Sp.  Gr.  [1] 

If  the  volume  is  given  in  cubic  centimetres,  the  weight  ob- 
tained is  in  grammes ;  but  if  the  volume  is  given  in  cubic  deci- 
metres or  litres,  the  weight  is  found  in  kilogrammes.  In  this 
formula,  Sp,  Gr.  stands  for  the  specific  gravity  referred  to 
water.  If  the  specific  gravity  is  referred  to  hydrogen,  as  in 
the  case  of  gases,  the  value  must  be  reduced  to  the  water- 
standard  before  using  it  in  the  formula.  The  reduction  is 
easily  made,  by  multiplying  by  0.0000896,  a  fraction  which 
is  simply  the  specific  gravity  of  hydrogen  itself  referred  to 
water.  Using  Sp.  Gr.  to  represent  the  specific  gravity  of  a 
gas  referred  to  hydrogen,  the  formula  becomes 

W=  V  X  Sp.  Gr.  X  0.0000896,  [2] 

and  may  then  be  used  in  all  calculations  connected  with  the 
weight  and  volume  of  aeriform  bodies.  In  such  calculations,  in 
order  to  avoid  the  long  decimal  fractions  which  the  use  of  the 
gramme  entails,  Hofmann  has  proposed  to  introduce  into 
chemistry  a  new  unit  of  weight  which  he  caUs  the  crith.  This 
unit  is  the  weight  of  one  cubic  decimetre  or  litre  of  hydrogen 
gas  at  the  standard  temperature  and  pressure,  and  is  equal  to 
0.0896  grammes.  If  now  we  estimate  the  weight  of  all  gases 
in  critht,  and  let  W  represent  this  weight,  while  W  represents 
the  weight  in  grammes*  and  V  the  volume  in  IttreSy  we  shall 
also  have 

W  =  V  X  Sp.  Gr.  and  W=  W  X  0.0896,     [3] 

and  all  problems  of  this  kind  will  then  be  reduced  to  their 
simplest  terms. 
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The  specific  gravity  of  gases  is  also  frequently  referred  to 
dry  air,  which  for  many  reasons  is  a  convenient  standard. 
The  weight  of  one  litre  of  air  under  standard  conditions  is 
1.293X87  grammes.  Hence,  representing  specific  gravity  re- 
ferred to  air  by  Qp,  ®r.  we  have 

Sp.  Gr.  :  fip.  ®r.  =  1.2982  :  0.0896, 
or 

Sp.  Gr.  =  S|l.®r.  X  14.42, 
and 

Sp.  ®r.  =  Sp.  Gr.  X  0.06929. 

3.  Chemistry  and  Physics.  —  Among  material  phenomena 
we  may  distinguish  two  classes.  First,  those  which  are  mani- 
fested without  a  loss  of  identity  in  the  substances  involved. 
Secondly,  those  which  are  attended  by  a  change  of  one  or 
more  of  the  materials  employed  into  new  substances.  The 
science  of  chemistry  deab  with  the  last  class  of  phenomena, 
that  of  physics  with  the  first,  and  hence  the  terms  chemical 
and  physical  phenomena.  An  illustration  will  make  this  dis- 
tinction plain.  When  a  bar  of  iron  is  drawn  out  into  wire,  ia 
rolled  out  into  thin  leaves,  is  reduced  by  mechanical  means  to 
powder,  is  forged  into  various  shapes,  is  melted  and  cast  into 
moulds,  is  magnetized,  or  is  made  the  medium  of  an  electric 
current,  since  the  metal  does  not  in  any  case  lose  its  identity^ 
the  phenomena  are  all  physical.  When,  on  the  other  hand, 
the  iron  bar  rusts  in  the  air,  is  burnt  at  the  blacksmith's  forge, 
or  is  dissolved  in  dilute  sulphuric  acid,  the  iron  is  converted 
into  a  new  substance,  iron  rust,  iron  cinders,  or  green  vitriol, 
and  the  phenomena  are  chemical.  The  distinction  between 
these  two  departments  of  human  knowledge  is  not,  however, 
so  strongly  marked  as  the  definition  would  seem  to  imply. 
In  fact  they  coalesce  at  many  points,  and  a  knowledge  of  the 
elements  of  physics  is  an  essential  preliminary  to  the  successful 
study  of  chemistry.  In  the  following  pages  it  will  be  assumed 
that  the  student  is  acquainted  with  the  most  elementary  princi- 
ples of  this  science,  and  references  will  be  made  to  the  sections 
of  the  author's  work  on  Chemical  Physics.  The  same  rela- 
tion which  physics  bears  to  chemistry  on  the  one  side,  chemis- 
try, bears  to  physiology  and  the  natural-history  sciences  on  the 
other. 
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Questions  and  Problems. 

1.  Reduce  by  Table  I.  at  the  end  of  the  book, 

80  Inches  to  fractions  of  a  metre.  Ana.  0.7619  metre. 

76  Centimetres  to  inches.  Ans.  29.92  inches. 

86  Kilometres  to  miles.  Ans.  22.38  miles. 

10  Metres  to  feet  and  inches.  Ans.  82  ft.  9.7  inches. 

1  Cubic  metre  to  quarts.  Ans.  880.66  quarts. 

1  Cubic  foot  to  litres.  Ans.  28.31  litres. 

1  Pint  to  cubic  centimetres.  Ans.  567.8  oTm} 

1  Litre  to  cubic  inches.  Ans.  61.027  cubic  inches. 

1  Pound  Avoirdupois  to  grammes.  Ans.  453.6  grammes. 

1  Kilogramme  to  ounces  avoirdupois.  Ans.  35.27  ounces. 

1  Ounce  to  grammes.  Ans.  28.35  grammes. 

2.  If  the  globe  were  a  perfect  sphere  what  would  be  the  circum- 
ference and  what  the  diameter  in  kilometres  ? 

Ans.  Circumference  40,000  kilometres, 
Diameter  12,732.4      " 

8.  The  length  of  the  metre  was  determined  by  measuring  the  dis- 
tance between  Dunkirk  (in  France),  Latitude  51°  2'  9"  and  For- 
mentera  (one  of  the  Balearic  Islands),  Latitude  38°  39'  56",  both 
on  the  same  meridian.  This  distance  was  found  by  triangulation  to 
be  equal  to  730,430  toises.  What  is  the  length  of  a  metre  in  terms 
of  this  old  French  unit  of  measure?  What,  also,  was  the  length 
measured  in  English  miles  ?  No  account  is  to  be  taken  of  the  ellip- 
ticity  of  the  earth.  Ans.  The  metre,  0.5314  toise. 

The  length  was  854  miles. 

4.  The  Sp,  Gr.  of  iron  is  7.84.  What  is  the  weight  of  10  c.  m.' 
of  the  metiil  in  grammes?  What  is  also  the  weight  in  kilogrammes 
of  a  sphere  of  iron  whose  diameter  equals  one  decimetre  ? 

Ans.  78.4  grammes  and  4.105  kilogrammes. 

6.  What  is  the  weight  in  grammes  of  50  c.  m.'  of  oil  of  vitriol, 
when  the  Sp.  Gr.  of  the  liquid  is  1.8?  Ans.  90  grammes. 

6.  The  Sp.  Gr.  of  alcohol  being  0.8,  what  volume  in  litres  would 
weigh  7.2  kilogrammes  ?  Ans.  9  litres. 

7.  Assuming  that  the  earth  is  spherical,  and  its  mean  Sp.  Gr,6.67, 
what  would  Im  its  weight,  using  as  the  unit  of  weight  a  kilometre 
cube  of  water  at  its  greatest  density  ?         Ans.  6,130,000,000,000. 

8.  Determine  the  Sp.  Gr.  of  absolute  alcohol  from  the  following 
data: — weight  of  empty  bottle  4.326;  weight  of  same  filled  with 
water  19.654  ;  weight  of  same  filled  with  alcohol  16.741. 

Ans.  0.8095. 
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9.  Determine  the  Sp,  Gr.  of  lead  from  the  following  data :  — 
weight  of  bottle  filled  with  water  19.654;  weight  of  lead  shot 
15.456 ;  weight  of  bottle  filled  in  part  with  the  shot  and  the  rest 
with  water  33.766.  Ans.  11.5. 

10.  Determine  the  Sp,  Gr,  of  iron  from :  —  weight  of  iron  in  air 
8.92 ,  weight  under  water  3.42.  Ana.  7.84. 

11.  Determine  Sp,  Gr,  of  wood  from:  —  weight  of  wood  in  air 
25.35;  weight  of  sinker  under  water  9.77;  weight  of  wood  with 
sinker  under  water  5.10  grammes.  Ans.  0.8445. 

12.  How  much  volume  must  a  hollow  sphere  of  copper  have, 
weighing  one  kilogramme,  which  will  just  float  in  water?  What 
must  be  the  volume  of  the  copper  ?     Sp.  Gr.  of  copper  8.8. 

Ans.  One  cubic  dicemetre  and  113.6  c.  m.* 

13.  How  much  volume  must  a  hollow  cylinder  of  iron  have,  which 
weighs  10  kilogrammes  and  sinks  one  half  in  water,  and  what  must 
be  the  volume  of  the  metal  ?   Ans.  20  and  1.276  cubic  decimetres. 

14.  What  is  the  weight  in  grammes  (under  standard  conditions) 
of  128  crm.*  of  oxygen  gas  (Sp.  Gr.  =  16)  ? 

Ans.  0.1834  grammes. 

15.  How  many  litres  of  carbonic  anhydride  gas  (Sp.  Gr.  =  22) 
would  weigh  (under  normal  conditions)  4.480  kilogrammes? 

Ans.  2274  litres. 

16.  Solve  the  last  two  problems  by  [3],  and  show  in  what  respect 
the  method  differs  from  that  indicated  by  [2]. 

1 7.  What  is  the  weight  in  criths  (under  standard  conditions)  of 
one  litre  of  nitrogen  gas  (Sp.  Gr.  =  14),  of  one  litre  of  chlorine  gas 
(Sp.  Gr.  =  35.5),  of  one  litre  of  marsh  gas  (Sp.  Gr.  =  8),  and  of 
one  litre  of  ammonia  gas  (Sp.  Gr.  =  8.5)  ? 

Ans.  14,  35.6,  8,  and  8.5  criths  respectively. 

18.  What  is  the  weight  in  grammes  of  one  litre  of  each  of  the 
same  gases  under  the  same  conditions  ? 

Ans.  1.254,  3.180,  0.7165,  and  0.7617  respectively. 

19.  The  weight  of  one  litre  of  hydrochloric  acid  gas  is  1.642 
grammes  ;  of  carbonic  oxide  gas  1.2500  grammes;  of  cyanogen  gas 
2.335  grammes,  and  of  hydrogen  gas  0.0896  grammes.  What  is  the 
specific  gravity  of  each  of  these  gases  referred  to  air  ? 

Ans.  1.270,  0.9665,  1.806,  and  0.0693  respectively. 

20.  What  is  the  volume  (under  standard  conditions)  of  12.54 
grammes  of  nitrogen  gas,  when  specific  gravity  referred  to  air  is 
0.9 70S?  Ans.  10  litres. 
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81.  Whftt  is  the  weight  of  one  litre  of  air  in  criths? 

Ans.  14.42. 

22.  What  would  be  the  ascenmonal  force  of  one  thousand  litres 
of  hydrogen,  under  normal  conditions  ? 

Ans.  The  ascensional  force  is  the  difference  between  the  weight 
of  the  hydrogen  and  that  of  the  air  displaced.  Hence  in 
the  present  example,  the  ascensional  force  would  be  14,420 
—  1000  i-i  13420  criths,  or  1,201  grammes. 

23.  What  is  the  yalue  of  a  crith  in  grains,  English  weight 

Ans.  1.382  grains. 


CHAPTER  II. 

FI7in>AMENTAL   CHEMICAL  BELATI0N8. 

4.  Oompounds  and  Mements. — With  sixty-three  exceptions, 
all  known  substances,  by  varions  chemical  processes,  may 
be  decomposed,  and  hence  are  called  chemical  compounds; 
while  the  sixty-three  substances  which  have  as  yet  never 
been  resolved  into  simpler  parts  are  called  chemical  elements. 
There  is  some  reason  for  believing  that  many,  if  not  all,  of 
these  elementary  substances  may  hereafter  be  decomposed,  and 
hence  they  can  only  be  considered  chemical  elements  provis- 
ionally ;  but,  however  this  may  be,  all  known  materials  may  still 
be  regarded  as  formed  by  the  union  of  the  particles  of  one  or 
more  of  these  sixty-three  substances.  A  list  of  the  chemical 
elements  is  given  in  Table  II.  The  names  of  the  more  abun- 
dant or  otherwise  more  important  elements  are  printed  in  Ro- 
man letters.  The  others  are  very  rare  substances,  and  are 
practically  unimportant  Of  these  elementary  substances  more 
than  three  fourths  possess  metallic  properties,  and  among  them 
are  all  the  useful  metals,  including  the  liquid  metal  mercury. 
The  rest  present  every  variety  of  physical  character.  Oxygen, 
hydrogen,  and  nitrogen  are  permanent  gases.  Chlorine,  and 
probably  fluorine,  though  gases  under  ordinary  conditions,  may 
by  pressure  and  cold  be  condensed  to  liquids.  Bromine  is  a 
very  volatile  liquid ;  and  among  the  solids  we  have  every  gra- 
dation between  the  highly  volatile  iodine,  or  the  easily  fusible 
phosphorus,  on  the  one  hand,  and  carbon,  which  has  never 
even  been  melted,  on  the  other.  We  find,  also,  among  the  ele- 
ments every  difference  as  regards  density.  Hydrogen  gas  is 
the  lightest,  and  the  metal  platinum  the  heaviest  substance 
known.  Several  of  the  elementary  substances  occur  in  a  free 
state  in  natnre,  for  example,  oxygen  and  nitrogen  in  the  at- 
mosphere, carbon  in  the  coal  beds,  sulphur  in  the  neighborhood 
of  active  volcanoes,  iron  in  meteoric  stones,  while  arsenic,  an- 
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timony,  bbmuth,  copper,  gold,  silver,  mercury,  and  platinum, 
with  a  few  other  rare  associates,  are  sometimes  found  in  a 
more  or  less  pure  state  in  metallic  veins.  Gold  and  platinum 
are  usually  found  in  a  free  condition,  though  as  a-  rule  slightly 
alloyed  with  their  associated  metals  ;  but  all  the  other  elements 
are  generally  found  in  combination,  and  the  greater  number 
appear  in  nature  only  in  this  condition.  From  such  compounds 
the  elements  may  be  extracted  by  various  chemical  processes, 
which  will  appear  as  we  proceed.  Among  these  elements  the 
useful  metals  are  the  tools  of  civilization,  carbon  is  our  uni- 
versal fuel,  while  sulphur,  phosphorus,  arsenic,  chlorine,  bro- 
mine, and  iodine  have  found  important  applications  in  the  arts, 
and  are  therefore  articles  of  commerce ;  but  the  greater  number 
of  the  elements  are  only  to  be  seen  in  the  chemist's  laboratory, 
and  are  solely  objects  of  chemical  investigation.  The  elements 
are  distributed  in  nature  in  very  unequal  proportions.  At 
least  one  half  of  the  solid  crust  of  the  globe,  eight  ninths  of 
the  water  on  its  surface,  and  one  fifth  of  the  atmosphere  which 
surrounds  it,  consist  of  the  one  element,  oxygen.  Moreover, 
the  other  elements  are  usually  found  in  combination  with 
oxygen,  so  that  oxygen  may  be  regarded  as  the  cement  by 
which  these  elementary  parts  of  the  world  are  held  together. 
Next  in  abundance  is  silicon,  which,  after  oxygen,  is  the  chief 
constituent  of  the  rocks,  and  makes  up  about  one  fourth  of  the 
earth's  crust  Silicon  is  always  found  combined  with  oxygen, 
and  more  than  one  half  of  the  oxygen  of  the  globe  is  in  com- 
bination with  this  element.  Hence,  the  compound  of  the  two, 
which  we  call  silica  or  quartz,  must  make  up  more  than  one 
half  of  our  solid  globe,  at  least  as  far  as  its  composition  is 
known.  Afler  silicon  in  the  order  of  abundance  would  follow 
the  elements  aluminum,  calcium,  magnesium,  potassium,  so- 
dium, iron,  carbon,  sulphur,  hydrogen,  chlorine,  nitrogen, 
which,  without  attempting  to  discriminate  between  them,  make 
up  altogether  very  nearly  the  other  fourth  of  the  earth's  mass ; 
for  the  remaining  fifly  elements  —  including  all  the  useful 
metals  except  iron  —  do  not  constitute  altogether  more  than 
one  one-hundredth.  Of  the  sixty-three  known  elements,  then, 
thirteen  alone  make  up  at  least  -^^  of  the  whole  known  mass 
of  the  earth. 

5.  Analysis  and  Synthen*.  —  The  composition  of  a  chemical 
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compoand  may  be  made  evident  iq  two  ways.  First,  by  break- 
ing up  the  compound  into  its  constituent  parts ;  secondly,  by 
reuniting  these  parts  and  reproducing  the  original  substance. 
The  first  of  these  methods  of  proof  is  called  analysis,  the  sec- 
ond, synthesis.  The  study  of  the  processes  by  which  the  com- 
position of  a  body  may  be  discovered,  and  the  relative  amounts 
of  its  various  constituents  determined,  forms  an  important 
branch  of  practical  chemistry,  which  is  known  as  Chemical 
Analysis,  and  this  b  subdivided  into  Qualitative  and  Quantita- 
tive Analysis,  according  to  the  object  we  have  in  view.  Syn- 
thesis is  chiefly  used  to  prove  the  results  of  analysis. 

6.  Law  of  Definite  Proportions,  —  Numberless  analyses 
have  proved  that  any  given  chemical  compound  always  contains 
the  same  elements  combined  in  the  same  proportions.  Thus, 
when  we  analyze  water,  sugar,  and  salt,  we  always  obtain  the 
result  given  below ;  and  this  result  is  invariable,  saving  small 
errors  of  observation,  from  whatever  source  these  materials 
may  be  drawn.  The  composition  is  given  in  per  cents,  as  is 
usual  in  such  cases. 

Water  (Dmnas).  Salt.  Sugar  (PiUgot). 

Hydrogen,  li.ll2  Sodium,    39.32  Carbon,      42.06 

Oxygen,     88.888  Chlorine,  60.68  Hydrogen,    6.50 

Oxygen,     51.44 

Too]  100.  100. 

Chemists  have  not  yet  succeeded  in  making  sugar  by  com- 
bining its  elements,  but  the  synthesis  both  of  water  and  salt  is 
easily  effected,  and  illustrates  still  more  forcibly  the  same  law. 
Thus  we  may  mix  together  hydrogen  and  oxygen  gas  in  any 
proportion,  but  when,  by  passing  an  electric  spark  through  the 
mixture,  we  cause  the  elements  to  combine,  then  the  gases 
unite  in  the  exact  proportion  indicated  above,  and  any  excess 
of  one  or  the  other  which  may  be  present  is  left  over.  The 
law  of  definite  proportions  gives  to  chemistry  a  mathematical 
basis ;  for,  since  the  analyses  of  all  compounds  have  been  made 
and  tabulated  in  a  way  that  will  be  soon  explained,  it  is  always 
possible,  when  the  weight  of  a  compound  is  given,  to  calculate 
the  weights  of  its  constituents,  and,  when  the  weight  of  one  of 
its  elements  is  known,  to  calculate  the  weights  of  all  the  other 
elements  present. 
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7.  I^xture  and  Chemieal  Chmpaund,  —  The  law  of  definite 
proportions  gives  a  simple  criterion  for  distingaishing  between 
a  mixtare  and  a  true  chemical  compound.  In  the  first  the  ele- 
ments may  be  mixed  in  any  proportion,  but  in  the  true  com* 
pound  they  are  always  combined  in  definite  proportions.  Thus 
we  may  mix  together  copper-filings  and  sulphur  in  any  propor- 
tion, but  as  soon  as  we  apply  heat,  and  cause  the  elements  to 
combine,  then  the  copper  combines  with  one  half  of  its  own 
weight  of  sulphur,  and  the  excess  of  either  element  above 
these  proportions  is  discarded.  Again,  in  a  mixture  however 
homogeneous,  we  can  generally,  by  mechanical  means  alone, 
distinguish  the  ingredients.  Thus,  in  the  mixture  just  referred 
to,  a  microscope  would  show  the  grains  of  sulphur  and  metallic 
copper,  with  all  their  characteristic  appearances ;  and  by  means 
of  carbonic  sulphide  we  can  easily  dissolve  out  all  the  sulphur 
from  the  mixture;  but  afler  the  chemical  union  has  taken 
place,  the  characteristic  properties  of  the  elements  are  merged 
in  those  of  the  compound,  and  no  such  simple  mechanical  sep- 
aration is  possible.  But  although  these  distinctions  are  gener- 
ally suiRcient,  nevertheless  we  find  in  some  alloys,  in  solutions, 
and  in  a  few  other  classes  of  compounds,  less  intimate  condi- 
tions of  chemical  union  where  these  criterions  fail 

8.  Law  of  Multiple  Proportions, —  It  is  generally  the  case 
that  the  same  elements  unite  in  more  than  one  proportion,  form- 
ing two  or  more  different  compounds.  Now  we  always  find 
that  the  proportions  of  the  elements  in  such  compounds  are 
simple  multiples  of  each  other.  This  law  is  best  illustrated 
by  the  compounds  of  nitrogen  and  oxygen,  which  are  five  in 
number,  and  have  the  names  indicated  in  the  table  beloW.  In 
order  to  make  evident  the  law,  we  give,  not  the  percentage 
composition  as  above,  but  the  amount  of  oxygen,  which  is  in 
each  case  combined  with  one  and  three  fourths  parts  of  nitro- 
gen. 

COMPOUNDS  OF  NITROGEN  WITH  OXYGEN. 


Nitrous  Oxide, 

Nltrofcen. 
Bj  weight. 

1.75 

Oxjgtn. 
By  weight. 

1 

Nitrogen. 

ByTOlUDM. 

2 

Oxygvn. 

By  TOlOBM 

1 

Nitric  Oxide, 

1.75 

2 

2 

2 

Nitrous  Anhydride, 
Nitric  Peroxide, 

1.75 
1.75 

S 

4 

2 
2 

3 

A 

Nitric  Anhydride, 

1.75 

6 

2 

b 

CHAPTER  III. 

MOLECULES. 

9.  Moleculei.  -^  In  order  to  bring  the  facts  of  chemistry  into 
relation  with  each  other,  and  unite  them  in  an  harmonious  sys- 
tem, the  following  theory,  first  proposed  by  the  English  chemist, 
Dalton,  and  known  as  the  Atomic  Theory,  is  generally  accepted 
by  chemists.  This  theory  assumes,  in  the  first  place,  that  every 
body,  whatever  its  substance  may  be,  is  formed  by  the  aggre- 
gation of  minute  particles  of  the  same  kind,  which  cannot  be 
further  subdivided  without  destroying  the  identity  of  the  sub- 
stance. Thus  a  lump  of  sugar  is  an  aggregate  of  minute 
particles  of  sugar.  If  the  sugar  is  burnt,  these  particles  will 
be  further  subdivided ;  but  the  sugar  will  be  thus  changed  into 
new  substances.  In  like  manner,  a  drop  of  water  is  an  aggre- 
gate of  minute  particles  of  water.  By  passing  a  current  of 
electricity  through  the  drop,  these  particles  will  be  subdivided, 
but  then  we  shall  have  no  longer  water,  but  the  two  elemen- 
tary gases,  oxygen  and  hydrogen.  The  smallest  particles  of 
any  substance  which  can  exist  hy  themsdveSy  we  call  molecules. 

10.  Physical  Properties  of  Matter,  —  The  physical  qualities 
of  a  body  depend  solely  on  the  relations  of  its  molecules.  The 
physicist  has  therefore  no  occasion  to  continue  the  subdivision 
beyond  the  molecule,  which  is  his  unit 

Solid,  —  In  a  solid  the  molecules  firmly  cohere,  and  the 
force  which  binds  them  together  has  been  called  cohesion.  On 
the  form  and  size  of  the  molecules,  and  also  on  the  mode  of 
aggregation,  is  supposed  to  depend  the  crystalline  form  of  each 
substance,  which  is  one  of  the  most  important  and  character- 
istic properties  of  matter,  and  one  to  which  we  shall  have 
occasion  hereafter  to  refer.  On  certain  relations  of  the  mole- 
cules, which  we  do  not  fully  understand,  depend  undoubtedly 
elasticity,  tenacity,  ductility  or  malleability,  hardness,  transpar- 
ency, diathermancy,  and  the  allied  qualities  of  solid  bodies. 
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Liquid.  —  In  the  liquid  condition  of  matter  the  molecoles 
have  more  freedom  of  motion  than  in  the  solid,  but  still  the 
motion  is  circumscribed  within  the  liquid  mass.  Moreover,  a 
certain  cohesion  still  exists  between  the  molecules,  and  on  this 
depends  the  form  of  the  rain-drop.  The  various  phenomena 
of  capillary  action  also  are  effects  of  the  cohesion  of  the  liquid 
molecules  modified  by  their  adhesion  to  the  surfaces  of  solids, 
and  the  solvent  power  of  liquids  is  a  still  further  effect  of  the 
same  mutual  action.  Connected  also  with  this  freedom  of 
molecular  motion  is  the  property  of  liquids  of  transmitting 
pressure  in  all  directions,  and  the  well-known  principles  of 
hydrostatics  to  which  it  leads;  but  this  property  belongs  to 
the  third  condition  of  matter  as  well. 

Gas.  —  In  the  aeriform  condition  of  matter,  the  motion  of 
the  molecules  is  only  circumscribed  by  the  walls  of  the  con- 
taining vessel,  or  by  some  force  acting  on  the  mass  from  with- 
out. The  molecules  of  a  gas  are  constantly  beating  against 
the  walls  which  confine  them,  and  wore  they  not  thus  restrained 
would  fly  off  into  space.  The  molecules  of  the  atmosphere 
are  restrained  by  the  force  of  gravitation,  and,  as  they  fly  up- 
wards like  a  ball  thrown  into  the  air,  they  are  at  last  brought 
to  rest,  and  fall  back  again  to  the  earth.  Hence  gases  always 
exert  pressure  against  any  surface  with  which  they  are  in  con- 
tact, and  we  measure  the  pressure,  or,  as  we  frequently  call  it, 
the  tension  of  the  gas,  by  the  height  to  which  it  will  raise  a 
column  of  mercury.  Chem.  Phys.  (158).  The  instrument 
used  for  this  purpose  is  called  a  barometer. 

The  height  of  the  mercury  column  which  represents  the 
pressure  or  tension  of  a  gas  is  always  represented  by  H. 

In  our  latitude,  at  the  surface  of  the  sea,  the  atmosphere  in 
its  normal  conditions  will  raise  a  column  of  mercury  76  cm. 
high.  Hence  /T  =  76,  and  to  this  standard  we  always  refer  in 
comparing  together  the  volumes  of  different  gases. 

1 1 .  Marioite^s  Iaiw,  —  The  most  characteristic  feature  of 

the  aeriform  condition  is  the  great  change  of  volume  which 

gases  undergo,  under  varying  pressure,  and  the  special  law 

of  compressibility  which  they  obey.     If  we  represent   by  H 

and  H'  two  conditions  of  pressure  to  which  the  samt  body  of 

gas  is  at  different  times  exposed,  then  the  law  is  expressed  bj 

the  formula 

V:V*  =  H':H.  [4] 
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Moreover,  since  the  specific  gravity  of  a  given  mass  of  gas 
must  be  the  greater  the  less  its  volume,  it  is  also  true  that 

%}.  Gr. :  Sp.  Gr'.  =  H:  H',  [5] 

and  lastly,  since  the  weight,  of  a  given  volume  of  gas  is  obvi- 
ously proportional  to  its  specific  gravity,  we  also  have 

W:  W'  =  H:ir,  [6] 

in  which  W  and  W  represent  the  weight  of  an  equal  volume 
of  the  same  gas  under  the  two  pressures  ZTand  H', 

12.  Heat  a  Manifestation  of  Molecular  Motion,  —  The 
effects  of  what  we  call  heat  are  supposed  to  be  merely  mani- 
festations of  the  motion  of  the  molecules  of  bodies.  The 
greater  the  moving  power  of  the  molecule,  the  more  forcibly  it 
strikes  against  our  nerves  of  feeling,  and  hence  the  more  in- 
tense is  tlie  sensation  of  heat  produced ;  and  to  the  condition 
of  matter  which  produces  this  sensation  we  give  the  name  of 
temperature.  The  greater  the  moving  power  of  the  molecules, 
thejiigher  the  temperature;  the  less  the  moving  power,  the 
lower  the  temperature.  Moreover,  since  by  the  very  defini- 
tion all  molecules  at  the  same  temperature  are  in  the  condition 
to  produce  the  same  sensation  of  heat,  we  must  assume  further, 
that,  whatever  their  size  or  weight,  they  must  all  have,  at  the 
same  temperature,  the  same  moving  power.  The  light  mole- 
cule of  hydrogen  must  move  much  faster  than  the  heavy  mole- 
cule of  carbonic  anhydride  in  order  to  produce  the  same  effect 
If  now  we  represent  the  mass  of  any  molecule  by  w,  and  by  V 
its  velocity  at  any  given  temperature,  then  the  moving  power 
will  be  represented  by  ^m  V\  Chem.  Phys.  (42),  and  this  will 
have  the  same  value  for  every  molecule  at  the  same  tempera- 
ture. With  a  few  exceptions,  all  bodies  expand  with  an  in- 
creasing temperature,  and  in  the  case  of  mercury  the  change 
of  volume  is  so  nearly  proportional  to  the  change  of  tempera- 
ture that  we  may  use  the  vaiying  volume  of  a  confined  mass 
of  this  liquid  as  a  measure  of  temperature.  This  is  the  sim- 
ple theory  of  the  common  mercurial  thermometer,  and  in  this 
book  we  shall  refer  all  temperatures  to  the  degrees  of  the  cen- 
tigrade scale.  These  degrees  are  purely  arbitrary ;  but  to 
each  one  corresponds  a  definite  value  of  Jm  V\  although  we 
have  not  as  yet  been  able  to  connect  our  arbitrary  with  our 
theoretical  measure. 
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When  we  increase  the  temperature  of  a  body,  we  most  of 
course  increase  the  moving  power  of  all  the  molecules,  each  by 
the  same  amount,  and  the  sum  of  the  moving  powers  which 
they  thus  acquire  is  the  legitimate  measure  of  the  amount  of 
heat  which  the  body  receives.  Hence,  while  ^m  V^  represents 
the  temperature  of  a  body,  2  ^m  V^  represents  the  whole 
amount  of  heat  which  it  contains.  Practically,  however,  we 
measure  quantity  of  heat  by  an  arbitrary  standard,  and  we 
shall  use  in  this  book  as  our  unit  the  amount  of  heat  required 
to  raise  the  temperature  of  a  kilogramme  of  pure  water  from 
0°  to  1°  centigrade.  This  we  call  the  Unii  of  HecU^  and  it 
has  been  found,  by  careful  experiments,  that  this  unit  of  heat 
represents  an  amount  of  moving  power  which  is  adequate  to 
raise  a  weight  of  423  kilogrammes  one  metre,  or  to  do  any 
other  equivalent  amount  of  work. 

13.  Expansion  by  HeaL  —  The  amount  of  expansion  which 
bodies  undergo  when  heated  has  been  carefully  measured  for 
many  different  substances,  and  the  results  are  tabiilated  in  all 
works  on  physics.  Chem.  Phys.  Table  XV.  In  each  case  is 
given  the  coefficient  of  expansion,  which  is  the  small  fraction 
of  its  volume  which  a  body  increases  when  heated  one  centi* 
grade  degree.  If,  now,  K  represents  this  fraction,  V  the  initial 
volume,  V  the  new  volume,  t  the  initial  temperature,  and  t 
the  new  temperature,  then,  if  we  assume  that  the  expansion  is 
proportional  to  the  temperature,  we  easily  deduce  the  formula, 
Chem.  Phys.  (289), 

F'=  r(l  +  ^(^'  — 0).  [7] 

This  formula  serves  to  calculate  the  change  of  volume  both 
of  solids  and  gases,  which  expand,  nearly  at  least,  proportion- 
ally to  the  temperature.  The  same,  however,  is  not  true  of 
liquids,  whose  rate  of  expansion  frequently  increases,  with  the 
temperature,  very  rapidly  ;  and  for  such  bodies  we  are  obliged 
to  use  the  following  formula,  which  is  of  the  general  form  in 
which  every  algebraic  function  may  be  developed,  and  is  much 
less  simple :  — 

V'=  r(l+^<4-^<«+C^  +  4^.).       [8] 

In  this  formula,  V  represents  the  required  volume  at  some 
temperature,  t,  and  K,  the  volume  at  0°,  which  is  assumed  to 
Ve  k<^WQ ;  while  A^  B^  C^  &c«»  are  numerical  oonstants,  which 
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have  been  determined  by  experiment  in  the  case  of  most  liquids. 
Chem.  Phys.  (255). 

Both  solids  and  liquids  expand  with  irresistible  force,  and 
we  have,  therefore,  only  this  one  effect  to  consider  in  regard  to 
the  action  of  heat  upon  them.  It  is  different,  however,  with 
gases.  By  enclosing  a  gas  in  a  tight  vessel,  we  can  raise  its 
temperature  without  changing  its  volume,  except  so  far  as  the 
vessel  itself  becomes  enlarged  by  the  heat.  The  effect  of  the 
heat  is,  then,  to  increase  the  tension  or  pressure  of  the  gas. 
Hence,  in  the  case  of  a  gas,  we  may  have  two  distinct  effects; 
first,  an  increase  of  volume,  when  the  pressure  is  constant; 
secondly,  an  increase  of  tensioH,  when  the  volume  is  constant. 
The  increased  volume  may  always  be  calculated  from  the  in- 
itial volume  and  difference  of  temperature,  by  means  of  the 
formula, 

V'=  r  (1  +  0.00366  (f  —  0),  [9] 

which  differs  from  that  just  given  only  in  that  the  numerical 
value  has  been  substituted  for  K,  —  this  being  the  same  for  all^ 
gases.  On  the  other  hand,  the  increased  tension  may  always 
be  calculated  from  the  initial  tension,  by  means  of  the  corre- 
sponding formula, 

ff'  =  ff(l  +  0.00366  (f  —  0),  [10] 

in  which  ^and  ff'  stand  for  the  heights  of  the  mercury  col- 
umns which  measure  the  initial  and  final  tension  respectively. 
The  last  formula  is  easily  deduced  from  the  first,  on  the  prin- 
ciples of  Mariotte's  law,  stated  above.  Chem.  Phys.  (261) 
and  [201]. 

Variations  of  temperature  produce  such  important  changes 
in  the  volume  and  specific  gravity  of  all  bodies,  and  especially 
of  gases,  that  it  becomes  frequently  essential,  before  compar- 
ing together  different  observations,  to  reduce  them  all  to  some 
standard  temperature.  Most  scientific  men  use,  as  this  stand- 
ard temperature,  0^  centigrade,  and  scientific  measures  are 
generally  adjusted  to  this  standard  ;  but  60°  Fahrenheit,  corre- 
sponding to  15^.5  centigrade,  is  often  a  more  convenient  stand- 
ard, because  it  is  nearer  the  mean  temperature  of  the  air,  and 
IB,  therefore,  not  unfrequently  employed. 

14.    Change  of  State,  —  Many  substances  are  capable  of  ex- 
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isting  in  all  the  three  conditions  of  matter.  Now,  we  find  that 
whenever  a  solid  changes  to  a  liquid,  or  a  liquid  to  a  gas,  heat 
is  absorbed ;  and  conversely,  whenever  a  gas  is  liquefied,  or  a 
liquid  becomes  a  solid,  heat  is  evolved ;  although,  as  a  general 
rule,  this  change  of  state  is  accompanied  by  no  change  of  tem- 
perature. Thus,  one  kilogramme  of  ice,  in  melting,  absorbs 
79  units  of  heat,  although  the  temperature  remains  at  0**  dur- 
ing the  change ;  and  when,  by  boiling,  a  kilogramme  of  water 
is  converted  into  steam,  under  the  normal  pressure  of  the  air, 
no  less  thai:\  537  units  of  heat  disappear,  although  the  tem- 
perature both  of  the  steam  and  of  the  water  is  constant  at  100^ 
during  the  whole  period.  On  tne  other  hand,  when  the  steam 
is  condensed  or  the  water  frozen,  absolutely  the  same  amount 
of  heat  is  set  free  as  was  before  absorbed.  The  heat  thus  ab- 
sorbed or  set  free  is  generally  called  the  latent  keat  of  the  liquid 
or  gas,  and  in  the  case  of  many  substances  the  amount  has 
been  carefully  measured.  Chem.  Phys.  (277)  and  (299).  Ac- 
cording to  the  theory  we  are  studying,  these  efiects  are  the 
direct  results  of  the  molecular  condition  of  matter.  The  change 
of  state  must  be  accompanied  by  a  change  in  the  relative  position 
of  the  molecules,  or  in  their  distance  from  each  other ;  and  this 
change,  in  its  turn,  must  be  attended  with  a  destruction  or  pro- 
duction of  the  moving  power  on  which  the  efiects  of  heat  de- 
pend.   Chem.  Phys.  (215  bis.). 

15.  Sources  of  Heat,  —  The  sun  is  the  original  source  of 
almost  all  the  heat  we  enjoy  on  the  earth,  for  the  effect  of  the 
eartlfs  internal  heat,  at  its  surface,  is  at  best  very  small, — 
and  all  our  artificial  sources  of  heat  have  drawn  their  supply 
either  directly  or  indirectly  from  the  great  central  luminary. 
According  to  our  theory  the  effect  of  the  sun's  rays  is  a  simple 
result  of  the  transfer  of  molecular  motion  from  the  sun  to 
the  earth,  eith(T  by  some  unknown  influence  exerted  from  a 
distance,  or  else  by  an  actual  transfer  of  motion  through  the 
material  particles  of  the  ether,  which  is  assumed  to  fill  the  in- 
tervening space.  The  great  source  of  all  artificial  heat  is  com- 
bustion in  its  many  forms,  and  this,  as  we  shall  hereafler  see,  is 
men*ly  a  clashing  together  of  material  molecules,  and  is  neces- 
sarily attende<l  with  a  great  development  of  that  moving  i)ower 
to  which  we  refer  all  thermal  effects. 

1 6.  Specific  HeaJU  —  The  amount  of  heat  required  to  raise 
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to  the  same  extent  the  temperature  of  equal  weights  of  differ- 
ent substances  is  by  no  means  the  same.  The  quantity  is  capa- 
ble in  any  case  of  exact  measurement,  and  is  called  the  specific 
heat  of  the  substance.  The  amount  of  heat  required  to  rait^e  the 
temperature  of  one  kilogramme  of  water  one  centigrade  degree 
has  been  assumed  as  the  unit,  and  we  express  the  specific  heat 
of  other  substances  in  terms  of  this  measure.  Moreover,  since 
with  the  exception  of  hydrogen  the  specific  heat  of  water 
is  greater  than  that  of  any  substance  known,  the  specific  heat 
of  all  other  bodies  must  be  expressed  by  fractional  numbers. 
In  every  case,  unless  otherwise  stated,  the  numbers  indicate 
what  fraction  of  a  unit  of  heat  would  be  required  to  raise  the 
temperature  of  one  kilogramme  of  the  substance  from  0®  to  1® 
centigrade.     Chem.  Phys.  (232). 

17.  Molecular  Condition  of  Gases.  —  The  aeriform  state 
IS  by  far  the  simplest  condition  of  matter,  and  there  are  two 
peculiarities  in  its  properties  which  lead  to  important  conclu- 
sions in  regard  to  its  molecular  conditions.  These  character- 
istics are  as  follows :  First,  All  true  gases  obey  the  same  law 
of  compressibility.  Secondly,  Equal  volumes  of  all  true  gases 
expand  equally  on  the  same  increase  of  temperature.  Chem. 
Phys.  (262).  Now,  according  to  the  mechanical  theory  of 
heat  (§  10)  these  peculiar  relations  of  the  aeriform  condition 
of  matter  are  best  explained  on  the  assumption  that  Equal 
volumes  of  aU  gases  contain  the  same  number  of  molecules; 
and  since,  moreover,  this  theoretical  deduction  harmonizes 
with  almost  all  the  facts  of  chemistry,  it  has  been  universally 
adopted  as  a  fundamental  principle  of  the  science.  This 
peculiar  molecular  condition,  however,  is  only  found  in  the  gas, 
for  it  is  only  in  this  state  that  the  molecules  are  sufficiently 
separated  from  each  other  to  be  freed  from  the  mutual  action 
of  those  molecular  forces  which  give  rise  to  far  more  com- 
plicated relations  in  both  liquid  and  solid  bodies.  Moreover, 
with  our  ordinary  gases  (in  the  degree  of  condensation  in 
which  they  exist  under  the  pressure  of  the  atmosphere),  the 
molecules  are  not  yet  sufficiently  far  apart  to  be  wholly  freed 
from  the  effects  of  their  mutual  action,  and  hence  the  theo- 
retical condition  is  not  absolutely  fulfilled ;  and  in  vapors, 
where  the  molecules  are  still  closer  together,  the  variation 
from  the  theory  is  quite  large.    In  proportion  aa  the  gas  ex- 
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pands,  the  theoretical  condition  is  approached,  and,  when  in  a 
state  of  great  expansion,  equal  volumes  of  all  gases  wooM 
undoubtedly  contain  exactly  the  same  number  of  molecules.  It 
is  only  then  that  we  reach  the  condition  of  what  we  have  called 
above  the  inte  gaSy  and  this  is  our  criterion  of  its  state,  —  that 
it  obeys  absolutely  the  law  of  Mariotte.  A  very  important 
corollary  follows  at  once  from  the  principle  we  have  just  de- 
duced. 

The  molecular  weight  of  all  mbstances  is  directly  propar^ 
tioned  to  their  ipecijic  gravities  in  the  state  of  gas. 

We  have  ado[)ted  in  this  book  hydrogen  gas  as  our  unit  of 
specific  gravity  for  aeriform  substances,  and  were  we  also  to  take 
the  molecule  of  hydrogen  as  our  unit  of  molecular  weight,  then 
the  number  which  expresses  the  specific  gravity  of  a  gas  would 
express  aLio  its  molecular  weight  But  for  reasons  which  will 
appear  hereafter,  we  have  selected  the  half  hydrogen  molecule 
as  our  unit,  and  hence  the  molecular  weight  of  any  sub^anee 
in  terms  of  this  unit  is  always  twice  its  specific  gravity  in  the 
state  of  gas.  In  Table  III.  we  have  given,  according  to  the 
most  accurate  experimental  data,  the  Sp.  Gr.  (referred  to 
hydrogen)  of  all  the  best  known  gases  and  vapors,  and  in  a 
parallel  column  we  have  also  given  the  Half-molecular  Weights 
of  the  same  substances  determined  by  chemical  analysis,  in  a 
manner  which  will  be  hereafter  described.  It  will  be  seen 
that  the  numbers  in  the  second  column  are  almost  precisely 
the  same  as  those  in  the  first,  and  the  slight  differences 
which  will  be  noticed,  either  arise  from  the  fact  that  the 
vapors,  under  the  conditions  in  which  alone  their  Sp.  Gr. 
can  be  accurately  determined,  are  not  true  gases,  that  is,  do 
not  exactly  obey  Mariotte's  law ;  or  in  other  cases,  where 
the  differences  are  more  considerable,  may  be  referred  to  a 
partial  decom{)osition  of  the  substance  itself  in  the  process  of 
the  ex[)eriment.  In  solving  the  problems  of  this  book,  and 
generally  in  most  chemical  problems,  the  Half-molecular  weight 
may  be  taken  as  the  true  Sp.  Gr.  The  logarithms  of  these 
values  given  in  the  last  column  of  the  table  will  be  found  unefnl 
in  thisi  conncfction.  Although  only  given  to  four  places  of 
decimals,  they  exceed  in  accuracy  the  experimental  data.  The 
values  in  the  column  of  Sp.  (SC.  referred  to  air,  are  given,  as 
A  rule,  to  one  decimal  place  beyond  the  limit  of  error. 
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Qtiesttons  and  Problems. 

1.  Are  the  qualities  of  a  molecule  <^  any  substance,  the  same  as 
those  which  distinguish  the  substance  itself? 

2.  What  is  the  distinction  between  cohesion  and  adhesion  ? 

8.  When  the  barometer  stands  at  76  c.  m.,  with  what  weight  in 
grammes  is  the  air  pressing  against  each  square  centimetre  of  sur- 
face?    Sp,  Gr.  of  mercury  13.596.  Ans.  1033. 

4.  To  what  difference  of  pressure  does  a  difference  of  one  centi- 
metre in  the  barometric  column  correspond  ? 

Ans.  13.596  grammes. 

5.  When  a  mercury  barometer  stands  at  76  c.  m.  how  high  would 
a  water  barometer  stand  ?  Also,  how  high  would  barometers  stand 
filled  with  alcohol  or  sulphuric  acid,  disregarding  in  each  case  the 
tension  of  the  rapor?  Sp,  Gr,  of  alcohol  0.81 ;  Sp.  Gr,  of  sulphuric 
acid  1.85.  Ans.  1033;  1275  and  558.2  c.  m. 

6.  A  volume  of  hydrogen  gas  was  found  to  be  200  c.  m.  The 
height  of  the  barometer  observed  at  the  same  time,  was  74  c.  m. 
What  would  have  been  the  volume  if  observed  when  the  barometer 
stood  at  76  c.  m.  Ans.  194.7  cTm^* 

7.  A  volume  of  nitrogen  standing  in  a  bell-glass  over  a  mercury 
pneumatic  trough  measured  250  c.  m.*  The  barometer  at  the  time 
stood  at  75.4  c.  m.,  and  the  level  of  the  mercury  in  the  bell  wap 
found  by  measurement  to  be  6.5  above  the  surface  of  the  mercury 
in  the  trough.    Required  to  reduce  the  volume  to  standard  pressure. 

Ans.  The  pressure  of  the  air  on  the  surface  of  the  mercury  in  the 
trough  (measured  at  75.4  c.  m.)  was  balanced  first  by  the 
column  of  mercury  in  the  bell,  and  secondly  by  the  tension 
of  the  confined  gas.  Hence  the  pressure  to  which  the  gas 
was  exposed  was  equal  to  75.4  —  6.5  =  68.9  c.  m.  and  we 
have  76  :  68.9  =«  250  :  a:  =  226.7  cTm:' 

8.  What  would  be  the  answer  to  the  same  problem,  had  the 
trough  been  filled  with  water  ? 

Ans.  The  water  column  in  the  bell  exerts  a  pressure  which  is  as 
much  less  than  the  pressure  of  the  mercury  column  in  the 
previous  problem,  as  the  Sp.  Gr,  of  water  is  less  than  the 
Sp.  Gr.  of  mercury.  Hence  we  have  13.6  :  1  =  6.5  :  0.48, 
also  75.4  —  0.48  ==  74.92,  and  76  :  74.92  =«  250  :  x=  246.4 
c.  m.* 

9.  A  closed  vessel,  which  displaces  one  litre  of  air,  is  poised  on  a 
balance  with  weights,  whose  volume  is  inconsiderable  when  com* 
pared  with  that  of  the  vessel    The  balance  is  in  equilibrium  whon, 
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the  barometer  stands  at  76  c.  m.    If  the  barometer  fidb  to  71  c.  m. 
how  much  weight  most  be  added  to  restore  the  eqmlibriom  ? 

Ads.  85  milUgrammea. 

10.  Ghren  the  weight  of  one  litre  of  dry.  air  onder  the  normal 
conditions  as  14.42  criths,  what  will  be  the  weight  of  one  litre  of 
dry  air  at  the  normal  temperature,  bat  under  a  pressore  of  72  c  m.  ? 

Ans.  13.67  criths. 

11.  A  Yolnme  of  gas  measores  500  c  m.*  at  15°  what  will  be  its 
Yolume  at  288^.2  ?  In  this  and  the  next  three  problems  the  pressore 
is  assumed  to  be  constant.  Ans.  1000  c-  m.' 

12.  To  what  temperature  must  an  open  vessel  be  heated  before 
one  quarter  of  the  air  which  it  contains  at  0^  is  driven  out  ? 

Ans.  9P.07. 

13.  An  open  vessel  is  heated  to  819^.6.  What  portion  of  the  air 
which  the  vessel  contained  at  0°  remains  in  it  at  this  temperatiune  ? 

Ans.  ^ 

14.  A  closed  glass  vessel,  which  at  13°  was  filled  with  air  having 
a  tension  of  76  c.  m.  is  heated  to  559°.4.  Determine  the  tension  of 
the  heated  air.  Ans.  3  atmospheres. 

15.  Reduce  the  following  volumes  of  gas  measured  at  the  tem- 
peratures and  pressure  annexed  to  0°  and  76  c.  m. 

1.  140   cTm.'       //=  57  c.  m.       ( =—  136°. 6       Ans.  70  cTm.* 

2.  320   cTm.'       i/  «  95  c.  m.       (  =■    91M     Ans.  300  cTm.* 

3.  480   cTm.'       //«  38  cm.       r  «    68^3     Ans.  192  cTm.* 

16.  What  is  the  weight  of  dry  air  contained  in  a  glass  globe  of 
640  crnf.*  capacity  at  the  temperature  546°.4  and  under  a  pivsBure 
of  71.25  c.  m.  Ans.  0.2583  grammes. 

General  Soluti(m.  —  In  order  to  make  the  solution  general  we 
will  represent  the  capacity  of  the  globe,  the  temperature  and  the 
height  of  the  barometer  by  V,  (  and  H  respectively.  We  can  also 
easily  find  from  Table  III.  that  one  cubic  centimetre  of  dry  air  at 
O^f  and  when  the  barometer  stands  at  76  c.  m.,  weighs  14.42  criths 
or  0.001292  grammes.  To  find  what  one  cubic  centimetre  would 
weigh  when  the  barometer  stands  at  II  centimetres,  we  make  use 
of  proportion  [6],  whence  we  derive 

1^  =  0.001292  .5, 

the  weight  of  one  cubic  centimetre  at  0^  and  under  a  pressure  of 
H  centimetres.    To  find  what  one  cubic  centimetre  would  weigh 
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under  the  same  pressure  but  at  t°,  it  must  be  remembered  that  one 
cnbic  centimetre  at  0°  becomes  (I  -}-  t  0.00366)  cubic  centimetres 
at  <°  [7]  ;  therefore  at  <°  and  at  H  centimetres  of  the  barometer 

(1  +  t  0.00366)  cTmr  weigh  0.00129  .  ^  grammes.     By  equating 

these  two  terms  we  obtain 

(1  +  <  0.00366)  =  0.00129  .  5, 
whence 

1  =  0.00129  .  — -. — ^ '—     ~ 

l_^<  0.00366  •  76* 

the  weight  of  one  cubic  centimetre  at  ^  °  and  under  a  pressure  of 
H  centimetres.     The  weight  of  V  cubic  centimetres  (w)  is  evidently 

«-  =  0.00129  V  .  nnloosee  •  g'        tlO  «] 

Thus  far  in  this  solution  we  have  neglected  the  change  in  capacity 
of  the  glass  globe  due  to  the  change  of  temperature.  This  causes 
no  sensible  error  when  the  change  of  temperature  is  small,  but 
when  the  change  of  temperature  is  quite  large  the  change  of  ca- 
pacity of  the  globe  must  be  considered.  If  the  capacity  is  V  c.  m.' 
at  (P  it  becomes  at  <  °  V  (1  +  <  0.00003).  (See  Chem.  Phys. 
§§  241  -  244.)  Introducing  this  value  for  V  into  the  above  equa- 
tions we  obtain 

,.=  0.00129  V  (1  +  ^  0.00003)  .  j^^-JoWe  •  S"  ^^^^^ 

17.  Required  a  general  method  for  determining  the  Qn,  (gj.  of 
a  vapor. 

Solution.  —  The  specific  gravity  of  a  vapor  has  been  defined  as  its 
weight  compared  with  the  weight  of  the  same  volume  of  hydrogen 
gas  under  the  same  conditions  of  temperature  and  pressure,  but 
practically  it  is  most  convenient  to  determine  the  Qn.  (gy,  with 
reference  to  air,  and  subsequently  to  reduce  the  result  to  the 
hydrogen  standard. 

To  find,  then,  the  Qn  (gt.  of  »  vapor,  we  must  ascertain  the 
weight  of  a  known  volume,  Y,  at  a  known  temperature,  /,  and  under 
a  known  pressure,  H,  and  divide  this  by  the  weight  of  the  same 
volume  of  air  at  the  same  temperature,  and  under  the  same  pressure. 
The  method  may  best  be  explained  by  an  example.  Suppose, 
then,  that  we  wish  to  ascertain  the  Qn  (g;.  of  alcohol  vapor. 
We  take  a  light  glass  globe  having  a  capacity  of  from  400  to  500 
cTm.*,  and  draw  the  neck  out  in  the  flame  of  a  blast  lamp,  so  as  to 
leave  only  a  fine  opening,  as  shown  in  the  figure  at  a.     The  first 
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■tep  is  now  to  ascertain  the  weif^ht  of  Uie  glow  globe  wbeo  eom> 
j^telf  ezhaiuted  of  air.  Ai  tbi*  cannot  readU;  be  done  directly, 
we  weigh  the  globe  full  of  air,  and 
then  subtract  the  weight  of  the  air, 
ascertained  by  calculation  from  the 
capacity  of  the  globe,  and  from  the 
temperature  and  pn»Bure  of  the 
air,  hy  neana  of  equation  (10  a). 
Call  the  weight  of  the  globe  and  air 
W,  and  the  weight  of  the  air  v,  then 
"W — to  a  the  weight  of  the  globe 
exhausted  of  air.  The  second  step 
is  to  ascertain  the  weight  of  the 
globe  filled  with  alcohol  vapor  at 
a  known  temperature,  and  under  a 
known  pressure.  For  this  purpose 
we  introduce  into  the  globe  a  few 
grammes  of  pure  alcohol,  and  mount  it  on  the  support  represented 
in  the  accompanying  Hgure.  By  lootwning  the  screw,  r,  we  next 
dnk  the  balloon  beneath  the  oil  contained  in  the  iron  vessel,  V,  and 
secure  it  in  this  position.  We  now  slowly  raise  the  temperature  of 
the  oil  to  between  31)0°  and  400",  which  we  observe  by  means  of  the 
thermometer,  T.  The  aluobol  changes  to  vapor,  and  drives  out  the 
air,  which,  with  the  excess  of  vapor,  escapes  at  a.  When  the  bath 
has  attained  the  requisite  temperature,  we  close  the  opening  u,  by 
suddenly  meltin^r  the  end  of  the  tube  at  u  with  a  mouth  blowpipe, 
and  as  nearly  as  possible  st  the  Fsme  moment  observe  the  tempera- 
ture of  the  bath  and  the  height  of  the  barometer.  We  have  now 
the  globe  filled  with  alcohol  vapor  at  a  known  temperature,  and 
under  a  known  prewure.  Since  it  is  hermetically  sealed,  its  weight 
cannot  change,  and  we  can  therefore  allow  it  to  cool,  clean  it,  and 
weigh  it  at  our  leisure.  This  will  give  us  the  weight  of  the  globe 
filled  with  alcohol  vapor  at  a  known  temperature,  t,  and  under  a 
known  pressure,  M'.  Call  this  weight  W'.  Tbn  weight  of  the 
vapor  is  W  —  W  -|-  tc.  The  third  step  is  to  ascertain  the  weight 
of  the  same  volume  of  air  at  the  same  temperature  and  under  the 
same  prenure.  Hiia  can  easily  be  found  by  calculation  from  equa- 
tion (10  A).  Ho  last  step  is  to  find  the  capacity  of  the  globe,  which, 
although  we  have  supposed  it  known,  is  not  actually  ascertained 
experimentally  until  the  end  of  the  process.  For  this  purpose  we 
break  off  the  tip  of  the  tube  (a),  nnder  mercnry,  which,  if  the  ex- 
periment has  been  carefully  conducted,  rushes  in  and  fills  the  globe 
completely.  We  then  empty  this  mercury  into  a  carefully  gradu- 
ated glass  cylinder,  and  read  off  the  volume.     We  find   then  the 
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Sp.  ©r.  ^y  dividing  the  weight  of  the  vapor  by  the  weight  of  the 
air.     The  formulae  for  the  calculatioQ  are  then 


Weight  of  the  globe  and  air, 


(i 


«i 


air. 


10  =  0.001292  V. 


<< 

it 

u 

({ 

i« 

a 

a 

u 

w. 

1 H 

1  -¥■  t  0.00366  '  76* 

globe  exhausted  of  air,  W  —  w, 

*'     filled  with  vapor  at  a  temperature  t'  and 

under  a  pressure  H',  W. 

vapor,  W  —  W  4-  to, 

air  at  ('  and  under  a  pressure  U',  ^s 

0.001292  y  O  4-  /'  0.00003)  .  r .  — . 

^      •  '     1  4-  <'  U.00366     76 


Sp.©r.  = 


W'  —  W  H-  w 


0.001292  V  (IH-  «'  0.00003)  .  ^-^m  •  zf 


1.  Ascertain  the  Qn   (Qi^  of  alcohol  vapor  from  the  following 
data:  — 


Weight  of  glass  globe, 
Height  of  barometer, 

W 
H 

50.804 
74.'75 

grammes, 
centimetres. 

Temperature, 

Weight  of  globe  and  vapor, 

Height  of  barometer, 

t 

W 
H' 

18° 

50.824 

74.76 

grammes, 
centimetres. 

Temperature, 
Volume, 

f 
V 

167<» 
S51.5 

cubic  cenlametrei. 
Ans.  1.575. 

2.  Ascertain  the  gn,  ®r.  o^  camphor  vapor  from  the  foUowing 
data:  — 


Weight  of  glass  globe, 

W 

50.134 

grammes. 

Height  of  barometer. 

H 

74.2 

centimetres. 

Temperature, 

t 

18°.5 

Weight  of  globe  and  vapor. 

W 

50.842 

grammes. 

Height  of  barometer, 

H' 

74.2 

centimetres. 

Temperature, 

r' 

244° 

Volume, 

V 

295 

cubic  centimetres. 
Ans.  5.371. 

CHAPTER   IV. 

ATOMS. 

18.  Definition. — The  atomic  theory  assumes  that  so  long 
as  the  identity  of  a  substaDce  is  preserved  its  molecules  remain 
undivided  ;  but  when,  by  some  chemical  change,  its  identity  is 
lost,  and  new  substances  are  formed,  the  theory  supposes  that  the 
molecules  themselves  are  broken  up  into  still  smaller  particles, 
which  it  calls  atoms.  Indeed  it  regards  this  division  of  the 
molecules  as  the  very  essence  of  a  chemical  change. 

The  word  atom  is  derived  from  a,  privative,  and  rf/iMi  (I 
cut),  and  recalls  a  famous  controversy  in  regard  to  the  infinite 
divisibility  of  matter,  which  for  many  centuries  divided  the 
philosophers  of  the  world.  But  chemistry  does  not  deal  with 
this  metaphysical  question.  It  asserts  nothing  in  regard  to  the 
possible  divisibility  of  matter ;  but  its  modem  theories  claim 
that,  practically,  this  division  cannot  be  carried  beyond  a  certain 
extent,  and  that  we  then  reach  particles  which  cannot  be  fur- 
ther divided  by  any  chemical  process  now  known.  These  are 
the  chemical  atoms,  and  the  atom  is  simply  the  unit  of  the 
chemist,  just  as  the  molecule  is  the  unit  of  the  physicist,  or  the 
stars  the  units  of  the  astronomer.  The  molecule  is  a  group  of 
atoms,  and  is  a  unit  in  the  microcosm,  of  which  it  is  a  part,  in 
the  same  sense  that  the  solar  system  is  a  unit  in  the  great  stel- 
lar universe.  The  molecule  has  been  defined  as  the  smallest 
jmrticle  of  any  substance  which  can  exist  by  itself,  and  the 
atom  may  be  now  defined  as  the  smallest  mass  of  an  element 
that  exists  in  any  molecule. 

When  a  molecule  breaks  up,  it  is  not  supposed  that  the  atoms 
fall  apart  like  grains  of  sand ;  but  simply  tliat  they  arrange 
themselves  in  new  groups,  and  thus  give  rise  to  the  formation 
of  new  substances.  Indeed,  as  a  rule,  the  atoms  auinot  exist 
in  a  free  state,  and  with  few  exceptions  every  molecule  consists 
of  at  least  two  atoms.  This  is  thought  to  be  trut.*,  even  of  the 
chemical  elements.     The  ditrerence  between  the  molecules  of 
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an  elementary  substance  and  those  of  a  compouDd,  according 
to  the  theory,  is  merely  this,  that  while  the  first  are  formed  by 
the  union  of  atoms  of  the  same  kind,  the  last  comprise  atoms 
of  different  kinds.  The  molecules  of  oxygen  gas  are  atomic 
aggregates  as  well  as  those  of  water,  only  the  molecules  of 
oxygen  consist  of  oxygen  atoms  alone,  while  the  molecules  of 
water  contain  both  oxygen  and  hydrogen  atoms.  Such  at  least 
is  the  constitution  of  most  elementary  substances.  Nevertheless, 
in  the  case  of  mercury,  zinc,  cadmium,  and  some  other  me- 
tallic elements,  the  facts  compel  us  to  believe  that  the  molecule 
consists  of  but  one  atom,  or,  in  other  words,  that  in  these  cases 
the  molecule  and  the  atom  are  the  same. 

19.  Atomic  Weights.  —  There  must  be  evidently  as  many 
kinds  of  atoms  as  there  are  elementary  substances ;  and,  since 
these  substances  always  unite  in  definite  proportions,  it  must 
be  also  true  that  the  elementary  atoms  have  definite  weights. 
This  once  assumed,  the  law  of  multiple  proportions,  as  well 
as  that  of  definite  proportions,  becomes  an  essential  part  of  our 
atomic  theory ;  for,  since  the  atoms  are  by  definition  indivis- 
ible, the  elements  can  only  combine  atom  by  atom,  and  must 
therefore  unite  either  in  the  proportion  of  the  atomic  weights 
or  in  some  simple  multiples  of  this  proportion.  We  have  dis- 
covered no  means  of  measuring  even  approximately  the  ab- 
solute weight  of  an  atom  ;  but,  after  we  have  determined,  from 
considerations  hereafter  to  be  discussed,  what  must  be  the  num- 
ber of  atoms  of  each  kind  in  one  molecule  of  any  substance, 
we  can  easily  calculate  their  relative  weight  from  the  results  of 
analysis.     A  few  examples  will  make  the  method  plain. 

1.  The  analysis  of  water,  given  on  page  6,  proves  that  in 
100  parts  it  contains  11.112  parts  of  hydrogen  and  88.888 
parts  of  oxygen.  Every  molecule  of  water,  then,  must  contain 
these  two  elements  in  just  these  proportions.  Now  we  have 
good  reason  for  believing  that  each  molecule  of  water  is  a 
group  of  three  atoms,  —  two  of  hydrogen  and  one  of  oxygen. 
Then,  since  ^  (11.112)  :  88.888  =  1  :  16,  it  follows  that  the 
oxygen  atom  must  weigh  16  times  as  much  as  the  hydrogen 
atom ;  and,  if  we  make  the  hydrogen  atom  the  unit  of  our  atom- 
ic weight,  then  the  weight  of  the  oxygen  atom,  estimated  in 
these  units,  must  be  16. 

2.  The  analysis  of  hydrochloric  acid  gas  proves  that  it  con- 
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tains  in  100  parts  2.74  parts  of  hydrogen  and  97.26  of  chlorine* 
Moreover,  we  have  reason  to  believe  that  each  molecule  of  the 
acid  is  a  group  of  two  atoms,  —  one  of  hydrogen  and  one  of 
chlorine.  Hence  the  atom  of  chlorine  must  weigh  35.5  times  aa 
much  as  that  of  hydrogen.    Its  atomic  weight  is  then  35.5. 

3.  The  analysis  of  common  salt,  page  6,  proves  that  it  con- 
tains in  100  parts  60.68  parts  of  chlorine  and  39.32  parts  of 
sodium,  and  we  believe  that  each  molecule  of  salt  is  a  group  of 
two  atoms,  one  of  chlorine  and  one  of  sodium.  Then,  since 
60.68  :  39.32  =  35.5  :  23,  it  follows  that  the  atomic  weight 
of  sodium  is  23.  In  like  manner  the  atomic  weights  of  all  the 
chemical  elements  have  been  determined,  and  the  numbers  are 
given  in  Table  II.  These  numbers  are  the  fundamental  data 
of  chemical  science,  and  the  basis  of  almost  all  the  numerical 
calculations  which  the  chemist  has  to  make.  The  elements  of 
a  compound  body  aits  always  united  either  in  the  proportions, 
by  weight,  expressed  by  these  numbers,  or  else  in  some  simple 
multiples  of  these  proportions ;  ami  wlienever,  by  the  breaking 
up  of  a  complex  compound,  or  by  the  mutual  action  of  different 
substances  on  each  other,  the  elements  rearrange  themselves, 
and  new  compounds  are  formed,  the  same  numerical  propor- 
tions are  always  preserved. 

The  atomic  weights  evidently  rest  on  two  distinct  kinds  of 
data  ;  JirsU  on  the  results  of  chemical  analysis,  which  are  facta 
of  observation,  and  in  regard  to  which  the  only  question  can  be 
as  to  their  greater  or  less  accuracy ;  secondly^  on  our  conclu- 
sions in  regard  to  the  number  of  atoms  in  each  molecule  of  the 
substance  analyzed.  This  conclusion  again  is  based  chiefly  on 
two  classes  of  facts,  whose  bearing  on  the  subject  we  must 
briefly  consider. 

1.  In  the  first  place  we  carefully  compare  together  all  the 
compounds  of  the  element  we  are  studying,  with  the  view  of 
discovering  the  smallest  weight  of  it  which  enters  into  the  com- 
position of  any  known  molecule ;  for  this  must  evidently  be  the 
atomic  weight  of  the  element.  An  example  will  make  the 
course  of  reasoning  intelligible. 

In  the  following  table  we  have  a  list  of  a  number  of  the 
most  im(M)rtaiit  com()Ounds  containing  hydrogen,  all  of  which 
either  are  gases,  or  can  easily  be  changed  into  vapor  by  heat, 
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86  that  their  specific  gravities  in  the  state  of  gas  can  be  readily 
determined.  From  these  specific  gravities  we  learn  the  weights 
of  the  molecules  (compare  §  17)  which  are  given  in  the  second 
column  of  the  table.  In  the  third  column  we  have  given  the 
weight  of  hydrogen  contained  in  the  molecules,  referred,  of 
course,  to  the  same  unit  as  the  weight  of  the  molecules 
themselves :  — 


Weight  of  Molecule 

referred  to 

Weight  of 

Compounds  of  Hydrogen. 

Hydxx^en  Atom. 

in  the  M 

Hydrochloric  Acid 

86.5 

1 

Hydrobromic  Acid 

81.0 

1 

Hydriodic  Acid 

128.0 

1 

Hydrocyanic  Acid 

27.0 

1 

Hydrogen  Gas 

2,0 

2 

Water 

18.0 

2 

Sulphuretted  Hydrogen 

34.0 

2 

Seleniuretted  Hydrogen 

81.5 

2 

Formic  Acid 

46.0 

2 

Ammonia 

17.0 

3 

Phosphuretted  Hydrogen 

84.0 

8 

Arseniuretted  Hydrogen 

78.0 

8 

Acetic  Acid 

60.0 

4 

Olefiant  Gas 

28.0 

4 

Marsh  Gas 

16.0 

4 

Alcohol 

46.0 

6 

Ether 

74.0 

10 

Assuming  now,  as  has  been  assumed  in  this  table,  that  a 
molecule  of  hydrogen  gas  weighs  2,  it  appears  that  the 
smallest  mass  of  hydrogen  which  the  molecule  of  any  known 
substance  contains,  weighs  just  one  half  as  much,  or  1.  We 
infer,  therefore,  that  this  mass  of  hydrogen  cannot  be  divided 
by  any  chemical  means,  or,  in  other  words,  that  it  is  the  hydro- 
gen atom.  The  molecule  of  hydrogen  gas  contains  then  two 
hydrogen  atoms,  and  this  atom  is  the  unit  to  which  we  refer  all 
molecular  and  atomic  weights. 

If  now,  in  like  manner,  we  bring  into  comparison  all  the 
volatile  compounds  of  oxygen,  we  shall  find  that  the  smallest 
mass  of  oxygen  which  exists  in  the  molecule  of  any  known 
substance  weighs  16,  —  the  atom  of  hydrogen  weighing  1,— 
and  hence  we  infer  that  this  mass  of  oxygen  is  the  oxygen  atom. 
Moreover  it  will  appear  that  a  molecule  of  oxygen  gas  weighs 
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82,  and  hence  it  follows  that  each  molecule  of  oxygen  gas,  like 
the  molecule  of  hydrogen,  is  formed  by  the  union  of  two  atoms. 
A  similar  comparison  would  show  that,  while  the  molecule  of 
nitrogen  gas  weighs  28,  the  atom  weighs  14,  so  that  here  again 
the  molecule  consists  of  two  atoms.  This  method  of  investiga- 
tion can  be  extended  to  a  large  number  of  the  chemical  ele- 
ments, and  the  conclusions  to  which  it  leads  are  evidently  le- 
gitimate, and  cannot  be  set  aside,  until  it  can  be  shown  that 
some  substance  exists  whose  molecule  contains  a  smaller  mass 
of  any  clement  than  that  hitherto  assumed  as  the  atomic  weight, 
or,  in  other  words,  until  the  old  atom  has  been  divided. 

2.  The  second  class  of  facts  on  which  we  rely  for  determin- 
ing the  number  of  atoms  in  a  given  molecule  is  based  on  the 
specific  heat  of  the  elements  (compare  §  16).  It  would  appear 
that  the  specific  heat  is  the  same  for  all  atoms,  and,  if  this  is 
true,  we  might  expect  that  equal  amounts  of  heat  would  raise 
to  the  same  extent  the  temperatures  of  such  quantities  of  the 
various  eh^mentary  substances  as  contain  the  same  number  of 
atoms,  provided,  of  course,  that  these  atomic  aggregates  are 
compared  under  the  same  conditions.  Now  we  can  determine 
accurately  the  number  of  units  of  heat  required  to  raise  the 
tem(>erature  of  equal  weights  of  the  elementary  substances  one 
degree,  and  the  results,  which  we  call  the  specific  heat  of  the 
elements,  are  given  in  works  on  physics.  Chem.  Phys.  (232). 
Evidently,  if  our  principle  is  true,  these  vahies  must  be  pro- 
portional in  every  case  to  the  number  of  atoms  of  each  element 
contained  in  the  equal  weights  compared.  Representing  then 
by  S  and  S*  the  specific  heat  of  two  elementary  substances,  by 
m  and  m'  the  weights  of  the  corresponding  atoms,  and  by  unity 
the  equal  weights  compared,  we  shall  have,  in  any  case, 

S:S'z=  ^:l^  OTtnS=m'S',  [H] 

that  is,  T/te  product  of  the  atomic  weight  of  an  elementary  sub- 
stance  }>y  its  specific  heat  is  always  a  constant  quantity. 

Taking  now  the  atomic  weight8  obtained  by  the  m(*thod  first 
given,  and  the  s|)ecific  heats  of  the  elements  as  they  have  been 
determined  by  exi)erimenting  on  the^e  substances  in  the  solid 
state,  we  find  that,  with  only  three  exceptions,  our  inference  is 
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correct ;  and  this  principle  not  only  frequently  enables  us  to  fix 
the  atomic  weight  of  an  element,  when  the  first  method  fails, 
but  it  also  serves  to  corroborate  the  general  accuracy  of  our 
results.  It  is  true,  owing  undoubtedly  to  many  causes  which 
infiuence  the  thermal  conditions  of  a  solid  body,  that  this  prod- 
uct is  not  absolutely  constant.  It  varies  between  5.7  and  6.9, 
Hbe  most  probable  value  being  very  nearly  6.34.  But  the 
variation  is  not  important,  so  far  as  the  determination  of  the 
atomic  weights  is  concerned.  This  determination,  as  we  have 
seen,  rests  chiefly  on  the  results  of  analysis.  The  question  al- 
ways is  only  between  two  or  three  possible  hypotheses,  and  as 
between  these  the  specific  heat  will  decide.  For  example,  an 
analysis  of  chloride  of  silver  proves  that  each  molecule  contains 
for  one  atom,  or  35.5  parts  of  chlorine,  108  parts  of  silver. 
Now,  108  parts  of  silver  may  represent  one,  two,  three,  or  four 
atoms,  or  it  may  be  that  this  quantity  only  represents  a  fraction 
of  an  atom.  To  determine,  we  divide  6.34  by  0.057,  the  specific 
heat  of  silver.  The  result  is  111,  which,  though  not  the  exact 
atomic  weight,  is  near  enough  to  show  that  108  is  the  weight 
of  one  atom,  and  not  of  two  or  three.  The  exceptions  to  this 
rule  referred  to  above  are  carbon,  boron,  and  silicon.  But  the 
specific  heat  of  these  elements  varies  so  very  greatly  with 
the  differences  of  physical  condition  —  the  so-called  allotropic 
modifications  —  which  these  elements  present,  —  Chem.  Phys. 
(234),  —  that  the  exceptions  are  not  regarded  as  invalidat- 
ing the  general  principle.  The  law  simply  fails  in  these  cases, 
and  we  can  see  why  it  fails. 

This  important  law,  whose  bearing  on  our  subject  we  have 
briefly  considered,  was  first  discovered  by  Dulong  and  Petit,  and 
was  subsequently  verified  by  the  very  careful  experiments  of 
Regnault.  More  recently  it  has  been  found,  by  Voestyn  and 
others,  that  its  application  extends,  in  some  cases  at  least,  to 
chemical  compounds ;  for  it  would  seem  that  the  atoms  retain, 
even  when  in  combination,  their  peculiar  relations  to  heat,  so 
that  the  product  of  the  specific  heat  of  a  substance  by  its  molec- 
ular weight  is  equal  to  as  many  times  6.3  as  there  are  atoms  in 
the  molecule.  Thus  the  specific  lieat  of  common  salt,  multiplied 
by  its  molecular  weight,  gives  0.214  X  58.5  =  12.52,  which  is 
very  nearly  equal  to  6.3  X  2 ;  while  in  the  case  of  corrosive 
sublimate  the  corresponding  product,  0.069  X  271  ==  18.70,  is 
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nearly  equal  to  6.3  X  3,  —  results  which  are  in  accordanoe 
with  our  views  in  regard  to  the  number  of  atoms  in  the  mok- 
cules  of  these  substances. 

We  have  here,  then,  an  obvious  method  by  which  we  might 
determine  the  number  of  atoms  in  the  molecule  of  any  solid, 
and  which  would  be  of  the  very  greatest  value  in  investigating 
the  atomic  weights,  could  we  rely  on  the  general  application 
of  our  law.  We  do  not  expect  mathematical  exactness.  We 
know  very  well  that  the  specific  heat  of  solid  bodies  varies 
very  greatly  witli  the  temperature,  as  well  as  from  other  phys- 
ical causes,  and  that  it  is  impossible  to  compare  them  under 
precisely  the  same  conditions,  as  would  be  required  in  order  to 
secure  accuracy.  But,  unfortunately,  the  discrepancies  are  so 
great,  and  we  are  so  ignorant  of  their  cause,  that  as  yet  we 
have  not  been  able  to  place  much  reliance  on  the  specific  heat 
as  a  means  of  determming  the  number  of  atoms  in  the  mole- 
cules of  a  compound* 

3.  Lastly,  assuming  that  both  of  the  means  we  have  consid- 
ered fail  to  give  satisfactory  evidence  in  regard  to  the  number 
of  atoms  in  the  molecule  of  a  given  substance  (which  we  may 
have  analyzed  for  the  purpose  of  determining  some  atomic 
weight),  we  may  frequently,  nevertheless,  reach  a  satisfactory, 
or  at  least  a  probable  conclusion,  by  comparing  the  substance 
we  are  investigating  with  8ome  closely  allied  substance  whoae 
constitution  is  known.  Thus,  if  the  molecule  of  sodic  chlo- 
ride (common  salt)  contains  two  atoms,  it  is  probable  that 
the  molecules  of  sodic  iodide,  as  well  as  those  of  potassic 
chloride  and  potassic  iodide,  contain  the  same  number ;  for 
all  these  compounds  not  only  have  the  same  crystalline  form 
and  the  same  chemical  relations,  but  also  they  are  composed 
of  closely  allied  chemical  elements.  Nevertheless  it  is  true,  in 
very  many  cases,  that  our  conclusion  in  regard  to  the  number 
of  atoms  which  a  molecule  may  contain  is  more  or  less  hypo- 
thetical, and  hence  liable  to  error  and  subject  to  change.  This 
uncertainty,  moreover,  must  extend  to  the  atomic  weights  of 
the  elements,  so  far  as  they  rest  on  such  hypothetical  conclu- 
sions. 

If  we  change  the  hypothesis  in  any  case,  we  shall  obtain  a 
different  atomic  weight;   but  then  the  new  weight  will  be 
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some  simple  multiple  of  the  old,  and  will  not  alter  the  impor- 
tant relations  to  which  we  first  referred.  These  fundamental 
relations  are  independent  of  all  hypothesis,  and  rest  on  well- 
established  laws. 

The  atomic  weights  are  the  numerical  constants  of  chem- 
istry, and  in  determining  their  value  it  is  necessary  to  take 
that  care  which  their  importance  demands.  The  essential  part 
of  the  investigation  is  the  accurate  analysis  of  some  compound 
of  the  element  whose  atomic  weight  is  sought  The  compound 
selected  for  the  purpose  must  fulfil  several  conditions.  It  must 
be  one  which  can  be  prepared  in  a  condition  of  absolute  purity. 
It  must  be  one  the  proportions  of  whose  constituents  can  be 
determined  with  the  greatest  accuracy  by  the  known  methods 
of  analytical  chemistry.  It  must  contain  a  second  element 
whose  atomic  weight  is  well  estabUshed.  Finally,  it  should  be 
a  compound  whose  molecular  condition  is  known,  and  it  is  best 
that  this  should  be  as  simple  as  possible.  When  they  are  once 
thus  accurately  determined,  the  atomic  weights  become  essen- 
tial data  in  all  quantitative  analytical  investigations. 

Questions  and  Problems. 

1.  Does  the  integrity  of  a  substance  reside  in  its  molecules  or  in 
Kb  atoms? 

2.  We  find  by  analjrsis  that  in  100  parts  of  potassic  chloride 
there  are  52.42  parts  of  potassium  and  47.58  parts  of  chlorine. 
Moreover,  we  know  from  previous  experiments  that  the  atomic 
weight  of  chlorine  is  S5.5,  and  we  have  reason  to  beUeve  that  every 
molecule  of  the  compound  consists  of  two  atoms,  one  of  potassium 
and  one  of  chlorine.      What  is  the  atomic  weight  of  potassium  ? 

Ans.  39.1. 

8.  We  find  by  analysis  that  in  100  parts  of  phosphoric  anhydride 
there  are  43.66  parts  of  phosphorus  and  56.34  parts  of  oxygen. 
Moreover,  we  know  that  the  atomic  weight  of  oxygen  is  16 ;  and  we 
have  reason  to  believe  that  every  molecule  of  the  compound  consists 
of  seven  atoms,  2  of  phosphorus  and  5  of  oxygen.  What  is  the 
atomic  weight  of  phosphorus  ?  Ans.  31. 

4.  In  Table  III.  the  student  will  find  the  molecular  weights  of  the 
following  oxygen  compounds;  and  we  give  below,  following  the 
name,  the  weight  of  oxygen  (estimated  like  the  molecular  weight 
in  hydrogen  atoms)  which  each  contains.    From  these  data  it  is 
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required  to  determine  the  atomic  weight  of  oxygen.     Oxygen  Gas, 
S2;  Water,  16;  Sulphurous  Anhydride,  32,  Sulphuric  Anhydride, 
48 1  Phosphoric  Oxychioride,  16;  Carbonic  Oxide,  16;  Carbonic. 
Anhydride,  32 ;  Osmic  Anhydride,  64  ;  Nitrous  Oxide,  16  ;  Nitric 
Oxide,  16  ;  and  Nitric  Peroxide,  32.  Ans.  16. 

5.  We  give  below  the  weight  of  chlorine  in  one  molecule  of 
several  of  its  most  characteristic  volatile  compounds.  It  is  required 
to  deduce  the  atomic  weight  of  chlorine  on  the  principle  of  the  last 
probleuL  Chlorine  gas,  71;  Phosphorous  Chloride,  106.5;  Phos- 
phoric Oxychioride,  106.5;  Arsenious  Chloride,  106.5;  Phosgene 
Gas,  71 ;  Stannic  Chloride,  142;  Stanno-triethylic  Chloride,  35.5; 
and  Hydrochloric  Acid,  35.5.  Ans.  35.5. 

6.  Review  the  steps  of  the  reasoning  by  which  the  atomic  weights 
have  been  deduced  in  the  last  two  problems,  and  show  that  the 
*'  molecular  weight "  and  ^*  the  weight  of  the  element  in  one  molecule  * 
are  actual  and  independent  experimental  data. 

7.  Analysis  shows  that  in  100  parts  of  mercuric  chloride  there  are 
73.80  parts  of  mercury  and  26.20  parts  of  chlorine.     The  specific 
heat  of  mercury  is  0.032.     What  is  the  probable  atomic  weight  of 
mercury,  that  of  chlorine  being  35.5  ?    Also,  how  many  atoms  of 
each  element  does  one  molecule  of  the  compound  contain  ? 

Ans.  Atomic  weight  of  mercury,  200.      £ach  molecule  consistt 
of  one  atom  of  mercury  and  two  of  chlorine. 

8.  Analysis  shows  that  in  100  parts  of  ferric  oxide  there  are  70 
parts  of  iron  and  30  parts  of  oxygen.  The  specific  heat  of  iron  is 
0.114.  What  is  the  probable  atomic  weight  of  iron,  that  of  oxygen 
being  16  ?  and  also,  how  many  atoms  of  each  element  does  one 
molecule  of  the  oxide  contain  ? 

Ans.  Atomic  weight  of  iron,  56.     One  molecule  of  ferric  oxide 
contains  2  atoms  of  iron  and  3  of  oxygen. 

9.  The  molecular  weight  of  silicic  chloride  is  1 70,  and  its  specific 
heat,  0.1907.  How  many  atoms  does  one  molecule  of  the  compound 
probably  contain  V  Ans.  5. 

10.  The  molecular  weight  of  mercuric  iodide  is  454,  and  its 
specific  heat,  0.042.  How  many  atoms  does  one  molecule  of  the 
compound  probably  contain  ?  Ans.  8. 


CHAPTER  V. 

CHEMICAL   NOTATION. 

20.  Chemical  Symbols.  —  The  atomic  theory  has  found  ex- 
pression in  chemistry  in  a  remarkable  system  of  notation,  which 
has  been  of  the  greatest  value  in  the  study  of  the  science.  In 
this  system,  the  initial  letter  of  the  Latin  name  of  an  element 
is  used  as  the  symbol  of  that  element,  and  represents  in  every 
case  one  atom.  Thus  0  stands  for  one  atom  of  Oxygen,  N  for 
one  atom  of  Nitrogen,  H  for  one  atom  of  Hydrogen.  When 
several  names  have  the  same  initial,  we  add  for  the  sake  of  dis- 
tinction a  second  letter.  Thus  G  stands  for  one  atom  of  Car- 
bon, CI  for  one  atom  of  Chlorine,  Ca  for  one  atom  of  Calcium, 
Cu  for  one  atom  of  Cuprum  (copper),  Cr  for  one  atom  of 
Chromium,  Co  for  one  ^om  of  Cobalt,  Cd  for  one  atom  of 
Cadmium,  Cs  for  one  atom  of  Caesium,  and  Ce  for  one  atom 
of  Cerium.  The  symbols  of  all  the  elements  are  given  in 
Table  II.  Several  atoms  of  the  same  element  are  generally 
indicated  by  adding  figures,  but  distinguishing  them  from  alge- 
braic exponents  by  placing  them  below  the  letters.  Thus  Sn2 
stands  for  two  atoms  of  Stannum  (tin),  S^  for  three  atoms 
of  Sulphur,  and  I^  for  five  atoms  of  Iodine.  Sometimes,  how- 
ever, in  order  to  indicate  certain  relations,  we  repeat  the  symbol 
with  or  without  a  dash  between  them,  thus  H-H  represents  a 
group  of  two  atoms  of  Hydrogen,  Se=Se  a  group  of  two  atoms 
of  Selenium.  We  can  now  easily  express  the  constitution  of 
the  molecule  of  any  substance  by  simply  grouping  together  the 
symbols  of  the  atoms  of  which  the  molecule  consists.  This 
group  is  generally  called  the  symbol  of  the  substance,  and 
stands  in  every  case  for  one  molecule.  Thus  NaCl  is  the  sym- 
bol of  common  salt,  and  represents  one  molecule  of  salt.  H^O 
is  the  symbol  of  water,  and  represents,  as  before,  one  molecule. 
So  in  like  manner  H^N  stands  for  one  molecule  of  ammonia 
gas,  H^C  for  one  molecule  of  marsh  gas,  KNO^  for  one  mole- 
cule of  saltpetre,  B^SO^  for  one  molecule  of  sulphuric  acid» 
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C^^O^  for  one  molecule  of  acetic  acid,  H-H  for  one 
molecule  of  hydrogen  gas.  We  do  not,  however,  always 
write  the  symbols  in  a  linear  form,  but  group  the  letters  in  such 
a  way  as  will  best  indicate  the  relations  we  are  studying. 
When  several  molecules  of  the  same  substance  take  part  in  a 
chemical  change,  we  represent  the  fact  by  writing  a  numerical 
coefficient  before  the  molecular  symbol.  A  figure  so  placed 
always  multiplies  the  whole  symbol.  Thus  iH-NO^  stands 
for  four  molecules  of  nitric  acid,  SC^H^O  for  three  molecules 
of  alcohol,  6  0=0  for  six  molecules  of  oxygen  gas.  When 
clearness  requires  it,  we  enclose  the  symbol  of  the  molecule  in 
parentheses,  thus,  \{HfN)^  or  {H^^N)^.  The  precise  mean- 
ing -of  the  dashes  will  hereafter  appear.  They  are  used,  like 
punctuation  marks,  to  point  off  the  parts  of  a  molecular  sym- 
bol, between  which  we  wish  to  distinguish. 

21.  Chemical  Reactions.  —  These  chemical  symbob  give  at 
once  a  simple  means  of  representing  all  chemical  changes.  As 
these  changes  almost  invariably  result  from  the  reaction  of  one 
substance  on  another,  they  are  called  Chemical  Reactions.  Such 
reactions  must  necc:^arily  take  pla(A  between  molecules,  and 
simply  consist  in  the  breaking  up  of  the  molecules  and  the  rear- 
rangement of  the  atoms  in  new  groups.  In  every  chemical  re- 
action we  must  distinguish  between  the  substances  which  are 
involved  in  the  change  and  those  which  are  produced  by  it 
The  first  will  be  termed  the  factors  and  the  last  the  products  of 
the  reaction.  As  matter  is  indestructible,  it  follows  that  The 
sum  of  the  weights  of  the  products  of  any  reaction  must  always 
be  equal  to  tite  sum  of  the  weigJUs  of  the  factors,  and,  further, 
that  The  number  of  atoms  of  each  element  in  the  products  must 
be  the  same  as  the  number  of  atoms  of  the  same  kind  in  the 
factors.  This  statement  seems  at  first  sight  to  be  contradicted 
by  ex(K*rience,  since  wood  and  many  other  combustibles  are 
consumed  by  burning.  In  all  such  cases,  however,  the  apparent 
annihilation  of  the  substance  arises  from  the  fact  that  the  prod- 
ucts of  the  change  are  invisible  gases ;  and,  when  these  are  col- 
lected, their  weight  is  found  to  be  equal,  not  only  to  that  of  the 
substance,  but  alsci,  in  addition,  to  the  weight  of  the  oxygen  from 
the  air  consumed  in  the  process.  As  the  products  and  factors 
of  every  chemical  change  must  be  equal,  it  follows  that  A 
chemical  reaction  may  always  be  represented  in  an  equation 


CHEMICAL  NOTATION.  35 

bff  writing  the  symbols  of  the  factors  in  the  first  member  and 
those  of  the  products  in  the  second.  Thus,  the  following  equa- 
tion expresses  the  reaction  of  dilute  sulphuric  acid  on  zinc,  by 
which  hydrogen  gas  is  commonly  prepared.  The  products  are 
a  solution  of  zinc  sulphate  and  hydrogen  gas. 

Xn-\-{ff^SO,  +  Aq)  =  (ZnSO^  +  Aq)+m'^.     [12] 

The  initial  letters  of  the  Latin  word  Aqua  are  here  used 
simply  to  indicate  that  the  substances  enclosed  with  it  in  pa- 
rentheses are  in  solution.  The  symbol  Zn  is  printed  in  ^^  fuU- 
&ced "  type  to  indicate  that  the  metal  is  used  in  the  reac- 
tion in  i^  well-known  solid  condition ;  while  the  symbol  of 
the  molecule  of  hydrogen  is  printed  in  skeleton  type  to  indi- 
cate the  condition  of  gas.  This  usage  will  be  followed  through- 
out the  book;  but,  generally,  when  it  is  not  important  to  indicate 
the  condition  of  the  materials  involved  in  the  reaction,  ordinary 
type  wiU  be  used.  The  molecule  of  hydrogen  gas  consists  of 
two  atoms,  as  our  reaction  indicates,  and  this  is  the  smallest 
quantity  of  hydrogen  which  can  either  enter  into  or  be  formed 
by  a  chemical  change.  The  molecule  of  zinc  is  known  to 
consist  of  only  one  atom.  When  the  molecular  constitution 
of  an  element  is  not  known,  we  simply  write  the  atomic  symbol 
in  the  reaction. 

Among  chemical  reactions  we  may  distinguish  at  least  three 
classes.  First,  Analytical  Reactions,  in  which  a  complex  mole- 
cule is  broken  up  into  simpler  ones.  Thus,  when  sodic  bisul- 
pbate  is  heated,  it  breaks  up  into  sodic  sulphate  and  sulphuric 
anhydride,  -^ 

Na^S^O,  =  Na^O,  +  SO^  [13] 

So,  also,  by  fermentation  grap)e  sugar  or  glucose  breaks  up  into 
alcohol  and  carbonic  anhydride,-^ 

C^HuOf,  =  ^C^tO  +  2  00^  [14] 

Secondly,  Synthetical  Reactions,  in  which  two  molecules 
unite  to  form  a  more  complex  group.  Thus  baryta  bums 
in  an  atmosphere  of  sulphuric  anhydride,  and  forms  baric 
solphatey  — 

BaO  -f  SO^  =  BaSO^.  [15] 
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In  like  manner  ammonia  enters  into  direct  union  with  hydro- 
chloric acid  to  form  ammonic  chloride,  — 

H^N  +  HCl  =  H^Cl  [1 6] 

Thirdly,  Metathetical  Reactions,  in  which  the  atoms  of  one 
molecule  change  place  with  the  dissimilar  atoms  of  another, 
one  atom  of  one  molecule  replacing  one,  two,  three,  or  more 
atoms  of  the  other,  as  the  case  may  be.  Thus,  when  we  add  a 
solution  of  common  salt  to  a  solution  of  argentic  nitrate,  we  ob- 
tain a  white  precipitate  ^  of  argentic  chloride,  while  sodic  nitrate 
remains  in  solution.  The  result  is  obtained  by  a  simple  in- 
terchange between  an  atom  of  silver  and  an  atom  of  sodium, 
as  the  following  reaction  shows :  — 

{Naa+  AgNO,  +  Ag)  =  {Na^O,  +  Aq)  +  AgCI.    [17] 

In  the  next  example,  one  atom  of  barium  changes  place  with 
two  atoms  of  hydrogen.  Baric  chloride  and  sulphuric  acid 
yield  hydrochloric  acid  and  insoluble  baric  sulphate,  which  is 
precipitated  from  the  solution  in  water  as  the  reaction  in- 
dicates, — 

( A» «;  +  H^SO,  +  Aq)  =  {2Ha  +  Aq)  +  BaS04.   [18] 

Of  the  three  classes  of  chemical  reactions  the  last  is  by  far 
the  most  common,  and  many  chemical  changes  which  were  for- 
merly supposed  to  be  examples  of  simple  analysis  or  synthesis 
are  now  known  to  be  the  results  of  metathesis.  In  very  many 
cases,  however,  a  chemical  reaction  cannot  be  explained  in 
either  of  thcfse  ways  alone,  but  seems  to  consist  in  a  primary 
union  of  two  or  more  molecules  and  a  subsequent  splitting  up 
of  this  large  group.  Indeed,  this  is  the  best  way  of  conceiving 
of  all  metathetical  reactions,  for  we  do  not  suppose  that  in  any 
case  there  is  an  actual  transfer  of  atoms  from  one  mole(!ule  to 
the  other.  Tlie  word  metathesis  is  merely  used  to  indicate  the 
result  of  the  process,  not  the  manner  in  which  the  change  takes 
place,  and  the  same  is  true  of  the  words  analysis  and  synthesis. 

1  The  Beparation  of  a  lolid  or  sometimes  of  a  liquid  substance  in  a  fluid 
menstruum,  as  the  r^ult  of  a  chen^ical  reaction,  iH  called  precipitation,  and 
the  material  which  M*parate«,  a  precipitate;  and  this,  too,  even  when  th«  mft- 
terlal,  being  lighter  than  Uie  fluid,  rises  instead  of  falls. 
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The  common  method  of  preparing  carbonic  anhydride  is  to 
pour  a  solution  of  hydrochloric  acid  on  small  lumps  of  marble 
(calcic  carbonate), — 

CaCOs  +  (2HCI  '\-Aq)  =  { Ca COs  H^Cl^  +     [19] 
Aq)  =  {CaCk  +  H^O  -f  Aq)  +  ©©2- 

We  may  suppose  that  the  molecules  of  the  two  substances  are, 
in  the  first  place,  drawn  together  by  the  force  which  manifests 
itself  in  the  phenomena  of  adhesion,^  but  that,  as  they  approach, 
a  mutual  attraction  between  their  respective  atoms  comes  into 
play,  which,  the  moment  the  molecules  come  into  collision, 
causes  the  atoms  to  arrange  themselves  in  new  groups.  The 
groups  which  then  result  are  determined  by  many  causes 
whose  action  can  seldom  be  fully  traced ;  but  there  are  two 
conditions  which,  when  the  substances  are  in  solution^  have  a 
very  important  influence  on  the  result  These  conditions  may 
be  thus  stated :  — 

1.  Whenever  a  compound  can  be  formed,  which  is  insoluble 
in  tlie  menstruum  present,  this  compound  always  separates  as 
a  precipitate. 

2.  Whenever  a  gas  can  be  formed,  or  any  substance  which 
b  volatile  at  the  temperature  at  which  the  experiment  is  made, 
this  volatile  product  is  set  free. 

The  reactions  17  and  18  of  this  section  are  examples  of 
the  first,  w^hile  the  reactions  12  and  19  are  examples  of  the 
second  of  these  conditions.  The  facts  just  stated  illustrate 
an  important  truth,  which  must  be  carefully  borne  in  mind  in 
the  study  of  chemistry.  A  chemical  equation  differs  essen- 
tially from  an  algebraic  expression.  Any  inference  which 
can  be  legitimately  drawn  from  an  algebraic  equation  must,  in 
some  sense,  be  true.  It  is  not  so,  however,  with  chemical  sym- 
bols. These  are  simply  expressions  of  observed  facts,  and, 
although  important  inferences  may  sometimes  be  drawn  from 
the  mere  form  of  the  expression,  yet  they  are  of  no  value 
whatever  unless  confirmed  by  experiment   Moreover,  the  facts 

1  We  find  it  convenient  to  dif»tin(?nish  between  the  force  which  holds  to- 
gether different  molecules  and  that  which  unites  the  atoms  of  the  molecules. 
To  the  last  we  give  the  name  of  chemical  affiiiityf  while  we  call  the  first  co- 
hesion or  adhesion,  according  as  it  is  exerted  between  molecules  of  the  same 
kind  or  those  of  a  different  kind. 
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which  are  expressed  in  this  peculiar  system  of  notation  are 
as  purely  materials  for  the  memory  as  if  they  were  described 
in  common  language. 

22.  Compound  Radicals.  —  In  many  chemical  reactions  the 
elementary  atoms  change  places,  not  with  other  elementary 
atoms,  but  with  groups  of  atoms,  which  appear  to  sustain  rela- 
tions to  the  compounds  they  leave  or  enter  similar  to  those  of 
the  elements  themselves.  Thus,  if  we  add  to  a  solution  of  ar- 
gentic nitrate  a  solution  of  ammonic  chloride,  we  get  the  reac- 
tion expressed  by  the  equation 

AgNO,,  +  NH^'  CI  =  NH^NO^  +  AgCL  [20] 

Here  the  group  NB^  has  taken  the  place  of  Ag,  So,  also, 
in  the  reaction  of  hydrochloric  acid  on  common  alcohol,  the 
group  (72-^5 1'^  ^^^  molecule  of  alcohol  changes  places  with  the 
atom  of  hydrogen  in  the  molecule  of  hydrochloric  acid, — 

C,JI,-0-H+  Ha  =  H-0-H-\-  C,R-Cl.  [21] 

AlcohoL  Ethylie  Chloride. 

We  write  the  symbols  in  this  peculiar  way  in  order  to  make 
it  evident  to  the  eye  that  such  a  substitution  has  taken  place. 
Lastly,  in  the  reaction  of  chloroform  on  ammonia,  the  group 
CHo(  the  first  changes  places  with  the  three  atoms  of  hydro- 
gen of  ammonia  gas, — 

Cff'-  Ck  +  H^  =  SJia  +  CH=K  [22] 

Chlorofonn.  Hydrocyanic  Add. 

Such  groups  as  these  are  called  compound  radicals.  Like 
the  atoms  themselves,  they  cannot,  as  a  rule,  exist  in  a  free 
state ;  but  aggregates  of  these  radicals  may  exist,  which  sus- 
tain the  same  relation  to  the  radicals  that  elementary  substances 
hold  to  the  atoms.  Thus,  as  we  have  a  gas  chlorine  consisting 
of  molecules,  represented  by  Ch  CI,  so  there  is  a  gas  cyanogen 
consisting  of  molecules,  reprew'nted  by  CN-CN  j  where  CNiA 
a  compound  radical  called  cyanogen.  Again,  the  im(K>rtant 
radicals  CO,  SO^  and  PCl^  are  also  the  molecules  of  well- 
known  gases.  These  radical  suhstances  correspond  to  the  ele- 
mentary substances  previously  mentioned,  in  which  the  mole- 
cule is  a  single  atom. 

But  with  few  exceptions  the  radical  substances  have  never 
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been  isolated,  and  the  radicals  are  only  known  as  groups  of 
atoms  which  pass  and  repass  in  a  number  of  chemical  reac- 
tions. Indeed,  in  the  same  compound  we  may  frequently 
assume  s^everal  radicals.  The  possible  radicals  of  a  chemi- 
cal symbol  correspond  in  fact  almost  precisely  to  the  possi- 
ble factors  of  an  algebraic  formula,  and  in  writing  the  sym- 
bol we  take  out  the  one  or  the  other,  as  the  chemical  change 
we  are  studying  requires.  A  number  of  these  radicals  have 
received  names,  and  among  those  recognized  in  mineral  com- 
pounds a  tew  of  the  most  important  are 

Hydroxyl  IIO  Sulphuryl  50, 

Hydrosulphuryl  IIS  Carhonyl  CO 

Ammonium  II ^N  Phosphoryl  PO 

Amidogen  H^N  Nitrosyl  NO 

Cyanogen  CN  Nitryl  NO^ 

The  radicals  recognized  in  organic   compounds  are  very 
numerous,  and  will  be  tabulated  hereafter. 


Questions  and  Problems. 

1.  For  what  do  the  following  symbols  stand  ? 

2.  For  what  do  the  following  symbols  stand  ? 

3.  For  what  do  the  following  symbols  stand  ? 

O;     H,',     Se-Se;     NaCl;     ff,0;     SKNO^. 

4.  Analyze  the  following  reaction.  Show  that  the  same  number 
of  atoms  are  represented  on  each  side  of  the  equation,  and  state  the 
class  to  which  it  belongs. 

Pe  +  {'2IICI  +  -.417)  =  (Fea,  -f  Aq)  +  SI-III. 

ilydrochlorio  Acid  FerrooJ  Chloride. 

5.  Analyze  the  following  reaction.  Show  in  what  the  equality 
consists,  and  state  the  class  to  which  the  reaction  belongs. 

N.JI,0,  =  2ff,0  -f  N,0. 

Ammonic  Nitrate.       Witter.      Kitrons  Oxide. 

6.  Analyze  the  following  reaction.  Show  in  what  the  equality 
consists,  and  state  the  cla'^s  to  which  the  reaction  belongs. 

C+  0-0    =     CO. 

Carbon.      Oxv«rn.    Carbonic  Ati!jyd'''-!c. 
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7.  Analyze  the  following  reaction.  Show  in  what  the  equality 
consists,  and  state  the  class  to  which  the  reaction  belongs. 

2JI'0'ff+  Na-Na  =  2Na-0-ff+  HH. 

Water.  Sodium.  Sodio  Ujdnte. 

8.  The  following  reaction  may  be  so  written  as  to  indicate  that 
the  products  are  formed  by  a  metathesis  between  two  similar  mole- 
cules.   It  is  required  to  show  that  this  is  possible. 

2H^N    =    SH-JI    +    N'K 

Ammonia  gaa.  Hydrogen  gaa.         Nitrogen  gaa. 

9.  Write  the  reactions  [1 7]  and  [18]  so  as  to  indicate  the  manner 
in  which  the  metatliesis  is  supposed  to  take  place. 

10.  State  the  conditions  which  determine  the  metathesis  in  the 
various  reactions  given  in  this  chapter  so  far  as  these  conditions  are 
indicated.  / 

11.  Write  the  reactions  [21]  and  [22]  so  as  to  indicate  the  manner 
in  which  the  metathesis  is  supposed  to  take  place. 

12.  Analyze  the  following  reaction.  Show  what  determines  the 
metathesis  and  also  what  is  meant  by  a  compound  radical. 

(Pb-(NO^)^  +  2Nff^-Cl+Aq)  = 

Plumbic  Nitrate.  Ammonlc  Chloride. 

Pbt:i.  4-  (2NH,-N0,  +  Aq) 

Plumbic  Chloride.  Ammonic  Nitrate. 

IS.  Compare  with  [22]  the  following  reaction  and  point  out  the 
two  radicals,  which,  as  we  may  assume,  hydrocyanic  acid  contains. 

{AgNO^  +  H-CN4-  Ao)  =  AfirCIV  +  {H-NO,  +  Aq) 

ArienUc  Nitrate.  Ilydroeyanie  Acid.  Argentic  Cyanide.  Nitric  Acid. 

14.  When  sulphuric  anhydride  (50,)  is  atided  to  water  (//,0)  a 
violent  action  ensues  and  sulphuric  acid  is  formed.  The  reaction 
may  be  written  in  two  waj-s,  and  it  is  required  to  explain  the  diflerent 
views  of  the  process,  which  the  following  equations  express. 

or  211- OH  +  SOi  0  =  H,-  0/SO,  +  //,= 0. 

15.  State  the  distinction  between  a  chemical  element  and  an 
elementary  substance.  Give  ahto  the  distinction  between  a  com- 
pound radical  and  a  radical  substance. 

16.  Give  the  names  of  the  following  radicaln. 

I/O;  NS;  Nil,;  Nil,;  SO,;   CO;  PO;  NO^ 


CHAPTER   VI. 

STOCHIOMETRY. 

23.  Stochiometry.  —  The  chemical  symbols  enable  us  not 
only  to  represent  chemical  changes,  but  also  to  calculate  ex- 
actly the  amounts  of  the  substances  required  in  any  given  pro- 
cess as  well  as  the  amounts  of  the  products  which  it  will  yield. 
Each  symbol  stands  for  a  definite  weight  of  the  element  it  rep- 
resents, that  is,  for  the  weight  of  an  atom ;  but,  as  only  the  rela- 
tive values  of  these  weights  are  known,  they  are  best  expressed 
as  so  many  parts.  Thus  H  stands  for  1  part  by  weight  of 
hydrogen,  the  unit  of  our  system.  In  like  manner  0  stands 
for  16  parts  by  weight  of  oxygen,  iV  for  14  parts  by  weight 
of  nitrogen,  (7  for  12  parts  by  weight  of  carbon,  C^  for  60  parts 
by  weight  of  carbon,  and  so  on  for  all  the  symbols  in  Table  II. 
The  weight  of  the  molecule  of  any  substance  must  evidently 
be  the  sum  of  the  weights  of  its  atoms,  and  is  easily  found, 
when  the  symbol  is  given,  by  simply  adding  together  the 
weights  which  the  atomic  symbols  represent.  Thus  H^O 
stands  for  2  -f- 16=  18  parts  of  water,  H^N for  3  -f-  14  =  17 
parts  of  ammonia  gas,  and  Cj/^  0^  for  24  -f-  ^  +  ^^  =  ^^ 
parts  of  acetic  acid.^ 

Having  then  given  the  symbol  of  a  Bubstance,  it  is  very  easy 
to  calculate  its  percentage  composition.  Thus,  as  in  60  parts  of 
acetic  acid  there  are  24  parts  of  carbon,  in  100  parts  of  the 
acid  there  must  be  40  parts  of  carbon,  and  so  for  each  of  the 
other  elements.  The  result  appears  below ;  and  in  the  same 
way  the  percentage  composition  both  of  alcohol  and  ether  has 
been  calculated  from  the  accompanying  symbol. 

1  In  this  book  "  Ikt  molecular  weight  of  a  substance  "  will  always  mean  the 
turn  of  the  atomic  weights  of  the  atoms  comparing  one  molecule,  and  we  shall 
nse  the  phrase,  "  the  molecular  weight  of  a  symbol,'^  or  "  the  total  atomic  weight 
of  a  symbol^'*  to  denote  the  sum  of  the  atomic  weights  of  all  the  molecules  which 
the  symbol  represents. 
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Carbon 

Aoetie  AcM                      Alcohol 
40.00                        52.18 

Ether 
64.86 

Hydrogen 
Oxygen 

6.67                        13.04 
53.33                       34.78 

13.52 
21.62 

100.00  100.00  100.00 

The  rule,  easily  deduced,  is  this :  As  the  weight  of  tlie  moU' 
cule  is  to  the  weight  of  each  elementj  so  is  one  hundred  parts  to 
the  percentage  required, 

Ou  the  other  hand,  having  given  the  percentage  composition, 
it  is  easy  to  calculate  the  number  of  atoms  of  each  element  in 
the  molecule  of  the  substance.  This  problem  is  evidently  the 
reverse  of  the  last,  but  it  does  not^  like  that,  always  admit  of  a 
definite  solution  ;  for,  while  there  is  but  one  percentage  compo- 
sition correspond injr  to  a  given  symbol,  there  may  be  an  infinite 
number  of  symbols  corresponding  to  a  given  percentage  com- 
position. For  example,  the  percentajre  cumfK>sition  of  acetic 
acid  corresponds  not  only  to  the  formula  C^H^O^  given  above, 
but  also  to  any  multiple  of  that  formula,  as  can  easily  be  seen 
by  calculating  the  percentage  com|)o>iiion  of  CH^O^  C^H%0^ 
C^H^^O^,  &c.  They  will  all  nects>arily  give  the  same  result, 
and,  before  we  can  determine  the  absolute  number  of  atoms  of 
each  element  present,  we  must  have  given  another  condition, 
namely,  the  sum  of  the  weights  of  the  atoms,  or,  in  other 
words,  the  molecular  weight  of  the  substance.  When  this  is 
known,  the  problem  can  at  once  be  definitely  solved. 

Suppose  we  have  given  the  percentajje  composition  of  alco- 
hol, as  above,  and  also  the  further  fact  that  its  molecular  weight 
is  4G.     We  can  then  at  once  make  the  proportion 

100 :  52.18  =  46  :  X  =  24  the  weight  of  the  atoms  of  carbon, 
100: 13.04  =  46  :x=    6   "        ^i       a    u      u      *♦  hydrogen, 
100:34.78  =  46:x=16   "       u       u    u      u      i*  oxygen. 

Then  it  follows  that 

f  ^  =  2  the  number  of  atoms  of  carbon  in  one  molecule, 
^=6"         **        •*       "       "  hydrogen  in  one  molecule, 
.Jl  =;  1    "         "        "       "      "   oxygen  in  one  molecule. 

It  b  evident  from  this  example,  that,  in  order  to  determine 
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exactly  the  symbol  of  a  compound^  we  must  know  its  molecular 
weight.  When  the  substance  is  a  gas,  or  is  capable  of  being 
changed  into  vapor,  we  can  easily  determine  its  molecular 
weight  by  the  principle  on  page  18.  The  molecular  weight  is 
simply  twice  its  specific  gravity  referred  to  hydrogen.  For  all 
the  problems  given  in  this  book,  which  deal  only  with  the  com- 
mon gases  and  vapors,  the  molecular  weight  can  be  at  once 
taken  from  Table  III.  If  we  are  dealing  with  a  new  substance, 
we  must  determine  its  specific  gravity  experimentally  by  one  of 
the  methods  which  will  hereafter  be  described. 

When,  on  account  of  the  fixed  nature  of  the  substance,  the 
last  mode  of  investigation  is  impossible,  we  can  still  frequently 
determine  with  great  probability  the  molecular  weight,  by  study- 
ing the  chemical  reactions  into  which  the  substance  enters,  and 
connecting,  by  careful  quantitative  experiments,  the  molecular 
weight  sought  with  that  of  some  substance  whose  molecular 
weight  is  known.  The  methods  used  in  such  cases  will  be  in- 
dicated hereafter ;  but  even  when  all  such  means  fail,  we  caft 
nevertheli^ss  always  find  which  of  all  possible  symbols  ex- 
presses the  composition  of  the  substance  we  are  studying  in 
the  simplest  terms,  in  other  words,  with  the  fewest  number  of 
atoms  in  the  molecule.  Suppose  the  substance  to  be  cane  sugar, 
which  cannot  be  volatilized  without  decomposition,  and  of  which 
no  reaction  is  known  which  gives  any  definite  clew  to  its  mole- 
cular weight.  Peligot's  analysis,  cited  on  page  9,  shows  that  it 
contains,  in  100  parts,  42.06  parts  of  carbon,  6.50  parts  of 
hydrogen,  and  51.44  parts  of  oxygen.  Assume  for  the  mo- 
ment that  the  molecular  weight  is  equal  to  100  then 

—j—  =  3.50  the  number  of  atoms  of  carbon, 
-y-  =  6.50   "        «         u      a      u  hydrogen. 

^jg^  =  3.22   "         «         ti      u       u  oxygen.  i 

This  would  be  the  number  of  atoms  of  each  element  if  the 
sum  of  the  atomic  weight,  that  is,  the  molecular  weight,  of 
sugar,  were  equal  to  100.  As,  from  the  very  definition,  frac- 
tidnal  atoms  cannot  exist,  these  numbers  are  impossible,  but 
any  other  possible  number  of  atoms  must  be  either  a  multiple 
or  a  submultiple  of  the  numbers  found ;  and  we  can  easily  dis- 


44  STOCHIOMETBT. 

cover  the  fewest  number  of  whole  atoms  possible,  by  seeking  for 
the  three  smallest  whole  numbers  which  stand  to  each  other 
in  the  relation  of  3.50  :  6.50  :  3.22,  a  proportion  which  is  very 
nearly  satisfied  by  12  :  22  :  II.  Hence,  the  simplest  possible 
symbol  is  Cu/^Ou,  and  this  has  been  adopted  by  chemists  as 
the  symbol  of  cane  sugar,  although,  from  anything  we  as  yet 
know,  the  symbol  may  be  a  multiple  of  this.  If  now,  taking 
this  symbol  as  our  starting-point,  we  calculate  the  percentage 
composition  which  would  exactly  correspond  to  it,  we  obtain 
the  following  results,  which  we  have  arranged  in  a  tabular 
form,  so  that  the  student  may  compare  the  theoretical  compo- 
sition with  the  numbers  Peligot  obtained  by  actual  analysis. 

Composition  of  Cane  Sugary 


Carbon 

P«Ugot's  Analyrif . 
42.06 

Tbeorettrml. 
42.11 

Hydrogen 
Oxygen 

6.50 
51.44 

6.43 
51.46 

loo^oo 

100.00 

The  difference  between  the  two  is  now  seen  to  be  within  the 
probable  errors  of  analysis,  and  this  example  illustrates  the 
method  of  arranging  analytical  results  generally  adopted  by 
chemists. 

From  the  alwve  discussion  we  can  easily  deduce  a  simple 
arithmetical  rule  for  finding  the  symbol  of  a  compound  when 
its  percentage  composition  is  known.  But  this  rule  may  be  best 
expressed  in  an  algebraic  formula,  which  will  show  to  the  eye 
at  once  the  relation  of  the  quantities  involved  in  the  csilcula- 
lion,  and  enable  us  to  extend  our  method  to  the  solution  of 
many  classe-*  of  problems  which  we  might  not  otherwise  foresee. 
Let  us  then  represent 

by  M  the  weifjht  of  any  chemical  com|>ound  in  grammes. 
^    m   the   molecular    weight*  of  the  com|)ound  in  hydrogen 

atoms. 
•*    W  the  weight  of  any  constituent  of  that  compound,  whether 

element  or  compound  radical,  in  grammes. 
^   uf  the   total  atomic  weight  of  element  or  radical  in  one 

molecule. 
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Then 

—  =  proportion  by  weight  of  the  constituent  in  the  compound, 

and 

M—  -=.  weight  of  constituent  in  JXf  grammes  of  compound,  or 

W=M-.  [23] 

Any  three  of  these  quantities  being  given,  the  fourth  can,  of 
course,  be  found.     Thus  wc  may  solve  four  classes  of  problems. 

1.  We  may  find  the  weight  of  any  constituent  in  a  given 
weight  of  a  compound,  when  we  know  the  molecular  weight  of 
the  compound  and  the  total  atomic  weight  of  the  constituent  in 
one  molecule. 

Problem.  It  is  required  to  find  the  weight  of  sulphuric 
anhydride  SO^  in  4  grammes  of  plumbic  sulphate  PhO^  SO^ 
Here,  «;  =  32  +  3  X  16  =  80,  m  =  207  +  1 6  +  80  =  303, 
and  Jl/'=  4.  Ans.  1.056  grammes. 

2.  We  can  find  the  weight  of  a  compound  which  can  be 
produced  from,  or  corresponds  to,  a  given  weight  of  one  of  its 
constituents,  when  the  same  quantities  are  known  as  above. 

Problem.  How  many  grammes  of  crystallized  green  vitriol, 
FeSO^.  IH^O^  can  be  made  from  5  grammes  of  iron?  Here, 
w  =  56,  m  =  278,  W=h.  Ans.  24.821. 

3.  We  can  find  the  molecular  weight  of  a  compound  when 
we  have  given  the  weight  of  one  constituent  in  a  given  weight 
of  the  compound,  and  the  total  atomic  weight  of  that  constitu- 
ent in  the  molecule. 

Problem.  In  7.5  grammes  of  ethylic  iodide,  there  are  6.106 
grammes  of  iodine ;  the  total  atomic  weight  of  iodine  in  one 
molecule  is  127.  What  is  the  molecular  weight  of  ethylic 
iodide?  Ans.  156. 

4.  We  can  find  the  total  atomic  weijrht  of  one  constituent  of 
a  molecule  when  the  molecular  weight  is  given,  and  also  the 
weight  of  the  constituent  in  a  known  weight  of  the  compound. 
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Problem.    The  molecular  weight  of  acetic  acid  is  60,  the 
per  cent  of  carbon  in  the  compound  40.     What  is  the  total 
atomic    weight  of   carbon   in  one    molecule?     Ans.  24. 
Whence  number  of  carbon  atoms  in  one  molecule,  2. 

The  last  problem  is  essentially  ihe  same  as  that  of  finding 
the  symbol  of  a  compound  when  its  percentage  composition  is 
given,  while  the  first  corresponds  to  the  reverse  problem  of 
deducing  the  percentage  composition  from  the  symbol.  By  a 
slight  change  the  formula  can  be  much  better  adapted  to  this 
class  of  cases.  For  this  purpose  we  may  put  M  =  1 00,  since 
we  are  solely  dealing  with  per  cents,  and  also  put  w  =  na, 
a  standing  for  the  atomic  weight  of  any  element,  and  n  for  the 
number  of  atoms  of  that  element  in  one  molecule  of  the 
compound  we  are  studying.     We  then  have 

r=100^andn  =  :i5:!l?.  [24] 

m  100  a  ^     J 

The  first  of  these  forms  is  adapted  for  calculating  the  per  cent 
of  each  element  of  a  compound  when  the  molecular  weight, 
the  number  of  atoms  of  each  element  in  one  molecule,  and  the 
several  atomic  weights,  are  known ;  and  it  is  evident  that  all 
the^e  data  are  given  by  the  chemical  symbol  of  the  compound. 
The  second  of  these  forms  enables  us  to  calculate  the  number 
of  atoms  of  each  element  present  in  one  molecule  of  a  com- 
pound when  the  percentage  composition,  the  molecular  weight, 
and  the  several  atomic  weights  are  known,  and  illustrates  the 
principle  before  developed,  that  the  molecular  weight  is  an 
essential  element  of  the  problem. 

24.  Stochiometrtcal  Problems, — The  principles  of  the  pre- 
vious section  apply  not  only  to  single  molecular  formulae,  but 
obviously  may  also  be  extended  to  the  equations  which  repre- 
Bent  chemical  changes.  Since  the  molecular  symbols  which 
are  equated  in  these  expressions  represent  known  relative 
weights,  it  must  be  true  in  every  case  that  we  can  calculate  the 
weight  of  either  of  the  factors  or  products  of  the  diemical 
change  it  represents,  provided  only  that  the  weight  of  some  one 
is  known.  If  we  represent  by  w  and  m  the  total  atomic  weight 
of  any  two  symbols  entering  into  the  chemical  equations,  and 
by  W  and  M  the  weight  in  grammes  of  the  factors  or  products 
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which  theee  symbold  represent,  then  the  simple  algebraic 
formulaB  of  the  last  section  will  apply  to  all  stochiometrical 
problems  of  this  kind,  as  well  as  to  those  before  indicated. 
These  formulae,  however,  are  merely  the  algebraic  expression 
of  the  familiar  rule  of  three,  and  all  stochiometrical  problem  • 
are  solved  more  easily  by  this  simple  arithmetical  rule.  Usin^ 
the  word  symbol  to  express  the  sum  of  the  atomic  weights  vt 
represents,  we  may  state  the  rule  as  applied  to  chemical  prob- 
lems in  the  following  words,  which  should  be  committed  to 
memory. 

Express  the  reaction  in  the  form  of  an  equation ;  make  then 
the  proportion^  As  the  symbol  of  the  smbstance  given  is  to  the  sym- 
bol of  the  substance  required^  so  is  the  weight  of  the  substance 
given  to  ar,  the  weight  of  the  substance  required ;  reduce  the 
symbols  to  numbers^  and  calculate  the  value  of  x. 

This  rule  applies  equally  well  to  all  problems,  like  those  of 
the  last  section,  in  which  the  elements  or  radicals  of  the  satee 
molecular  symbol  are  alone  involved ;  only  in  such  cases  there 
is  of  course  no  equation  to  be  written.  A  few  examples  will 
illustrate  the  application  of  the  rule. 

Problem  1.  We  have  given  10  kilogrammes  of  common  salt, 
and  it  is  required  to  calculate  how  much  hydrochloric  acid  gas 
can  be  obtained  from  it  by  treating  with  sulphuric  acid.  The 
reaction  is  expressed  by  the  equation 

(2Na  a  +  R^SO,  +  Aq)  =  (Na^SO,  +  Aq)  +  2200^ 

whence  we  deduce  the  following  proportion, 

117  78 

2NaCli  2ffCl=  10 :  a:  =  Ans.  6.289  kilogrammes. 

Problem  2.  It  is  required  to  calculate  how  much  sulphuric 
acid  and  nitre  must  be  used  to  make  250  grammes  of  the 
strongest  nitric  acid.  The  reaction  is  expressed  by  the 
equation 

whence  we  get  the  proportions 

68  98 

HNO^:  ^2'S'04  =  250  : a:  =  Ans.  1.  388.9  grammes  sulphuric 
acid. 

8S  lOl.l 

HNOt :  KNOt  =  250 :  a:  =  Ans.  2.  401.2  grammes  nUra. 
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The  student  should  also  solve  by  the  same  rule  the  problems 
given  in  the  last  section. 

25.  Gay'Luisac*i  Law.  —  This  eminent  French  chemist  was 
the  first  to  state  clearly  the  important  truth,  that,  when  gases  or 
vapors  react  on  each  other,  the  volumes  both  of  the  factors  and 
of  the  products  of  the  reaction  always  bear  to  each  other  some 
very  simple  numerical  ratio.  This  truth  is  generally  known  as 
the  law  of  Gay-Lussac,  but,  since  the  principle  is  a  direct  con- 
sequence of  the  atomic  theory,  it  is  best  studied  in  that  relation. 
It  is,  as  we  have  seen,  a  fundamental  postulate  of  the  theory  that 
equal  volumes  of  all  substances,  when  in  the  aeriform  condition, 
contain  the  same  number  of  molecules.  Hence  it  follows,  that 
the  volumes  of  all  single  molecules  are  the  same,  and,  if  we  take 
this  common  volume  as  our  unit  of  measure,  it  follows,  further, 
that  the  total  molecular  volume  represented  by  any  symbol  is 
always  equal  to  the  number  of  molecules.  We  are  thus  led  to 
a  most  important  fact,  which  gives  an  additional  meaning  to  our 
chemical  symbols,  for  it  appears  that  Every  chemical  equation^ 
when  properly  written j  represents  not  only  the  relative  weights, 
but  also  the  relative  volumes  of  its  factors  and  products,  when  in 
the  state  of  gas. 

This  principle  is  illustrated  by  the  following  equations : 


Bfanh  Gm. 


+     20=0       = 


Oxygen  Gas. 


CO, 

+     2 

ff,0 

1 

Carbonic  Anhydride.        Aqueuui  Victor. 


NO 


+    5 


Nltiic  Oxide  Om. 


"■3 

Uydrogen  Qt. 


=     2 


+    211,0 


Ammonia  Gaa. 


Aqueouf  Vapor. 


The  squares  which  here  serve  to  indicate  equal  volumes, 
and  to  impress  on  the  mind  the  m«'aning  of  the  symbols,  are 
evidently  unnecessary  and  will  not  be  used  hereafter. 

The  important  rule  of  the  last  section  may  be  expressed  by 
the  following  proportion 

nm:n'm'=  W:  W'  =  W:W 

Here  m  and  m'  represent  the  molecular  weights  of  any  two 
•ubstances,  n  and  n'  the  number  of  molecules  of  these  sub* 
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Stances,  which  take  part  in  a  chemical  reaction  whether  as 
factors  or  products,  while  n  m  and  n'  m'  represent  what  in  the 
statement  of  our  rule  we  have  called  the  symbols  of  the  sub- 
stances, and  the  equation  expresses  the  fact  that  the  sum  of 
the  atomic  weights  indicated  by  the  symbols  is  proportional 
to  the  weights  of  the  substances  involved  in  the  chemical  reac- 
tion, whether  these  weights  are  estimated  in  grammes  or  in 
criths  (2). 

Now  by  (17)  m'  =  2  Sp.  Gr.  and  by  [3]  W  =  V  X  Sp.  Gr. 

Making  these  substitutions  we  may  reduce  the  above  propor- 
tion to  the  following  form 

in  m  :  n'  =  W  :  V 

and  this  gives  us  another  stochiometrical  rule,  by  which  we  can 
calculate  the  volume  of  a  gas  or  vapor  involved  in  a  chemical 
reaction,  when  the  weight  of  some  other  factor  or  product  is 
known,  or  inversely,  when  the  volume  is  given  calculate  the 
weight. 

Express  the  reaction  in  an  equation  ;  make  then  the  propor- 
tion^ As  one  half  of  the  symbol  of  the  first  substance  is  to  the 
number  of  molecules  of  the  second,  so  is  the  weight  in  criths  of 
the  first  to  the  volume  in  litres  of  the  second  ;  reduce  the  symbol 
to  numbers^  and  calculate  the  value  of  the  unhnovm  quantity, 

Thi<^  rule  has  the  same  general  application  as  the  first,  and 
a  few  examples  will  illustrate  the  use  of  it. 

Problem  1.  How  much  chlorate  of  potash  must  be  used  to 
obtain  one  litre  of  oxygen  gas  ?  The  reaction  is  expressed  by 
the  equation 

whence  we  get  the  proportion 

122.6 

i(2ArC708):3=x:l.     a:  =  40.9  criths, 

40.9  X  0.0896  =  Ans.  3.664  grammes. 

Problem  2.  IJow  many  litres  of  oxygen  gas  can  be  obtained 
from  500  grammes  of  chlorate  of  potash  ?  The  reaction  is  the 
same  as  before,  but  in  this  case  the  grammes  must  first  be 
reduced  to  criths.     The  proportion  will  then  be  written 

4 
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KaOs:3=  ;r^^-«  : X  =  Ans.  136.G  litres. 

In  applying  the  rules  of  this  chapter  to  the  solving  of 
dtochiometrical  problems,  the  student  should  carefully  bear  in 
mind,  Jirst,  that  the  rule  of  (24)  applies  to  all  those  cases  in 
which  the  weight  of  one  substance  is  to  be  calculated  from  the 
weight  of  another ;  secondly,  that  when  volume  is  to  be  deduced 
from  volume  the  answer  can  be  found  by  mere  inspection  of 
the  equation  according  to  the  principles  stated  in  (25),  and 
thirdly,  that  the  rule  of  page  49  applies  only  to  those  problems 
in  which  volume  is  to  be  calculated  from  weight,  or  the  reverse. 
In  using  this  last  rule  it  must  be  remembered  that  the  ^  first 
Fubstance  "  is  always  the  one  whose  weight  is  given  or  sought, 
while  the  *'  second  substance  "  is  always  the  one  whose  volume 
is  given  or  sought. 

Moreover,  the  student  will  notice  that  the  volume  of  any 
aeriform  factor  or  product  may  also  be  found  by  dividing  its 
weight  in  grammes,  —  calculated  by  the  rule  of  (24),  —  by  the 
known  weight  of  one  litre  of  the  gas  or  vapor,  found  from 
Table  III.  by  [3]. 


Questions  and  Problems. 

1.  What  18  the  molecular  weight  of  plumbic  sulphate,  Pb'O^'SO^? 
Of  calcic  phosphate,  Ca^0^t(P0)^7     Of  ammonia  alum, 
(NIf^\,  [^'.ll^iK-^'^f)*-  24^,0?  Ans.  803,  810,  and  906.8. 

2.  What  are  the  molecular  weights  of  the  symbols 

30,11^0:,;  5{FeS0^.  TH^O)  and  IK^O^-COl 

Ans.  180,  1890,  and  967.4. 

8.  Are  the  total  atomic  weights  of  the  two  members  of  the  IbUow- 
ing  reaction  equal  ? 

Fe  +  {H,SO,  +  Aq)  =  {FeSO,  +  Ag)  +  H-ff. 

Ans.  The  total  weight  of  each  member  of  the  equation  is  154. 

4.  Calculate  the  percentage  composition  of  ammooic  chloride, 
NH^Cl.     Ans.  Nitrogen,  26.17;  Hydrogen,  7.48;  Chlorine,  66.85. 

5.  Calculate  the  percentage  composition  of  nitrobenzole,  C^ff^XOf 
Ans.  CarUin,  58.53;  Hydrogen,  4.07  ;  Nitrogen,  11.39  ;  Oxygen, 

26.01. 
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6.  Given  the  percentage  compoflition  of  chloroform  as  follows : 
Carbon,  10.04;  Hjdrogen,  0.83;  Chlorine,  89.13.  Required  the 
symbol,  knowing  that  the  Sp.  6r.  of  chloroform  yapor  equals  59.7ft. 

Ans.  CHClf 

7.  Given  the  percentage  composition  of  stanno-diethylic  bromide 
as  follows:  Tin,  85.13;  Carbon,  14.29;  Hydrogen,  2.97;  Bromine, 
47.61.  Required  the  symbols,  knowing  that  the  Sp.  Gr.  of  the 
vapor  equals  168.  Ans.  SnC^HuiBi\, 

8.  Given  the  percentage  composition  of  ethylene  chloride  as  fol- 
lows: Carbon,  ^24. 24 ;  Hydrogen,  4.04 ;  Chlorine,  71.72.  Required 
the  symbol,  knowing  that  the  Sp.  Gr.  of  the  vapor  equals  49.5. 

Ans.  CtH^Ck- 

9.  Given  the  percentage  composition  of  cream  of  tartar  as  fol- 
lows: Potassium,  20.79;  Hydrogen,  2.66;  Carbon,  25.52;  Oxygen, 
51.03.    Required  the  simplest  symbol  possible.       Ans.  KH^Cfi^, 

10.  Given  the  percentage  composition  of  crystallized  ferrous  sol* 
phate  as  follows:  Iron,  20.15;  Sulphur,  11.51;  Oxygen,  23.02; 
Water,  45.32.     Required  the  simplest  symbol  possible. 

Ans.  Estimating  the  number  of  molecules  of  water  (HtO),  as 
if  water  were  a  fourth  element  with  an  atomic  weight  of  18,  we  get 
FeSO^.  7HiO, 

11.  The  percentage  composition  of  morphia  according  to  Liebig's 
analysis  is  Carbon,  71.35 ;  Hydrogen,  6.69 ;  Nitrogen,  4.99  ;  Oxy- 
gen (by  loss),  16.97.  What  is  the  symbol  of  this  alkaloid,  and  how 
closely  does  this  symbol  agree  with  the  results  of  analysis  ? 

Ans.  The  symbol  C„H^N'0^  wouM  require  71.58  Carbon,  6.66 
Hydrogen,  4.91  Nitrogen,  and  16.85  Oxygen. 

12.  It  is  required  to  find  the  weight  c^  phosphorus  in  155  kilos, 
of  calcic  phosphate  (Ca^PM.  Ans.  31  kilos. 

13.  It  is  required  to  find  the  weight  of  sulphuric  anhydride  (50,) 
in  284  kilos,  of  sodic  sulphate,  Na^SO^.  Ans.  160  kilos. 

14.  How  many  grammes  of  plumbic  sulphate  (PhSO^)  can  be 
made  from  2.667  gramn^es  of  sulphuric  anhydride  (SO^) 

Ans.  10.1  grammes. 

15.  How  many  granmies  crystallized  cupric  sulphate  (CuSO^. 
$HtO)  will  yield  317  grammes  of  copper  ?      Ans.  1337  grammes. 

16.  Required  the  total  molecular  weight  of  crystallized  sodic 
phosphate,  knowing  that  71.6  parts  of  the  salt  contain  9.2  parts  of 
sodium,  and  that  the  total  atomic  weight  of  sodium  in  one  mole- 
cule of  the  compound  is  46.  Ans.  358. . 
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17.  The  molecular  weight  of  potassic  nitrate  is  101.1,  and  2.859 
grammes  of  the  salt  contain  1.120  grammes  of  oxygen.  What  is 
the  total  atomic  weight  of  oxygen,  and  also  the  number  of  oxygen 
atoms  in  one  molecule  ? 

Ans.  Total  atomic  weight  48.    No.  of  oxygen  atoms  S. 

18.  How  much  nitric  acid  (IINO^  is  required  to  dissolve  S.804 
grammes  of  copper  (Cu)  and  how  much  cupric  nitrate  {CuN%0^ 
and  how  much  nitric  oxide  {NO)  will  be  formed  in  the  process  ? 
The  reaction  is  expressed  by  the  equation 

Ans.  10.08  grammes  of  nitric  acid;  11.244  grammes  of  cupric 
nitrate  and  1.20  grammes  of  nitric  oxide. 

19.  How  much  common  salt  {NaCt)  must  be  added  to  a  solution 
containing  30  grammes  of  argentic  nitrate  (AgNO^)  in  order  to 
throw  down  the  whole  of  the  silver,  and  how  much  argentic  chloride 
(AgC£)  will  be  thus  precipitated  ? 

(AgNO,  +  NaCl+  Aq)  =  AgCI  +  (NaNO,  +  Aq). 

Ans.  10.32  grammes  of  salt  and  25.32  grammes  argentic  chloride. 

20.  How  many  litres  of  ammonia  gas  (lESTHIa)  and  how  many  of 
chlorine  gas  (i^l-^l  are  required  to  make  one  litre  of  nitrogen  gas 
W-'SS  ?  How  many  litres  of  hydrochloric  acid  gas  (ISOl)  are 
also  formed  ? 

235nil8  +  301-01  =  6IS01  +  Sff^Sff. 

Ans.  2  litres  of  ammonia  gas ;  3  litres  of  chlorine  gas,  and  6 
litres  of  hydrochloric  acid  gas. 

21.  How  many  litres  of  hydrochloric  acid  gas  (HIOI)  and  how 
many  of  oxygen  gas  ('£>£))  can  be  obtained  from  one  litre  of 
aqueous  vapor  (IfilsD)i  ^nd  how  many  litres  of  chlorine  gas 
(Ol-Ol)  must  be  used  in  the  process  ? 

223,©  +  201-01  =  4IIIOI  +  (SHD. 

Ans.  2  litres  of  hydrochloric  acid  gas,  ^  litre  of  oxygen  gas,  and 
1  litre  of  chlorine  gas. 

22.  How  many  litres  of  oxygen  gas  ((c>®)  are  required  to  bum 
completely  (i.  e.  to  combine  with)  one  litre  of  alcohol  vapor 
(OJI1«D)t  and  how  many  litrei*  of  carbonic  anhydride  (Ov(i)f)  and 
bow  many  of  aqueous  vapor  ([Hj  O)  are  formed  by  the  process  ? 
The  chemical  reaction  which  takes  place  when  alcohol  bums  is 
expressed  by  the  equation 
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r 

©aSIfl®  +  3®=(fi)  =  2(g(D2  +  3IH,(fi). 

Ans.  3  litres  of  oxygen  gas  ;  2  litres  of  carbonic  anhydride,  and 
3  litres  of  aqueous  vapor. 

23.  How  many  litres  of  oxygen  gas  are  required  to  bum  one 
litre  of  arseniuretted  hydrogen  (Ill,,>2^),  and  how  many  litres  of 
arsenious  acid  vapor  (.^s^DJ  and  how  many  of  aqueous  vapor  are 
formed  in  the  process  ? 

4318^^8  +  9^>®  =  4^(0)8  +  em^cD. 

Ans.  2^  litres  of  oxygen  gas ;  1  litre  arsenious  acid  vapor  and  1^ 
litres  of  aqueous  vapor. 

24.  How  many  litres  of  chlorine  gas  can  be  made  with  19.49 
grammes  of  manganic  oxide  {MnO^  ? 

lllnO,+  {,4:Ha-\-Aq)  =  {Mn(\-\-2H^0-\-Aq)  +01-01 

Ans.  5  litres. 

25.  How  many  grammes  of  chalk  (^CaCO^  are  required  to  yield 
one  litre  of  carbonic  anhydride  ? 

CaCO,  +  {2Ha  +  Aq)  =  {CaCl^^  H^O -\-  ^j)+0®,. 

Ans.  4.48  grammes. 

26.  How  many  litres  of  hydrochloric  acid  gas  {HCl)  can  be  made 
with  8.177  kilogrammes  of  common  salt  {NaCl)  ? 

{2Na  a  +  H^SO,  +  Aq)  =  (Na^SO,  +  Ag)-\-2  HiOl. 

Ans.  3120. 

27.  How  many  grammes  of  ferrous  sulphide  (FeS)  are  required 
to  yield  568  cTTn.*  of  sulphuretted  hydrogen  (H2S)? 

FeS  +  {fftSO,  +  Aq)  =  (FeSOt  +  Aq)  +  511^ 

Ans.  2.24  grammes. 


CHAPTER    VII. 

CHEMICAL   EQUIYALENCT. 

26.  Chemical  Equivalents,  —  If  in  a  solution  of  argentic 
sulphate  we  place  a  strip  of  metallic  copper,  we  find  afler  a 
short  time  that  all  the  silver  has  separated  from  the  solution, 
and  that  a  certain  quantity  of  copper  has  dissolved  in  its  place. 

{Ag,SO,-\-Aq)  +  Cn={CuSO,  +  Aq)+\fiT     [25] 

If  now  we  pour  off  the  solution  of  cupric  sulphate,  and  place 
in  this  solution  a  strip  of  metallic  zinc,  the  metallic  copper  in 
its  turn  will  all  separate,  and  to  replace  it  a  certain  amount  of 
zinc  will  dissolve. 

{CuSO^  +  Aq)  +  Zn  =  {ZnSO^  +  Aq)  +  Cu.        [26] 

Lastly,  if  we  pour  off  the  solution  of  zincic  sulphate,  and 
place  in  this  a  strip  of  metallic  magnesium,  the  zinc  will  in  like 
manner  be  replaced  by  magnesium. 

{ZnSO,  +  Aq)  +  Bis  =  i^gSO,  +  Aq)  +  Zn.       [27] 

In  experiments  like  these,  we  can  by  proper  analytical 
methods  determine  the  relative  quantities  by  weight  of  the 
several  metals  which  thus  replace  each  other,  and  we  find  that 
they  are  always  the  same.  Thus,  if  our  first  solution  contained 
108  milligrammes  of  silver,  the  amount  of  each  metal  suc- 
cessively dissolved  and  precipitated  would  be,  of  copper, 
81.7  m.  g,^  of  zinc,  82.6  m.  ^.,  of  magnesium,  12  m.  ^.  More- 
over, if,  instead  of  using  in  our  experiments  a  metallic  sulphate, 
we  take  a  metallic  chloride,  nitrate,  acetate,  or  any  other  com- 
pound of  the  metals,  we  find  that  the  same  definite  ratios  are 
preserved,  at  least  in  every  case  where  the  substitution  is  pos- 
sible. It  would  appear  then  that  these  relative  quantities  of 
the  several  metals  exactly  replace  each  other  in  all  sa<?h  cases. 
They  are,  therefore,  regarded  as  the  chemical  equivalents  of 
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each  other,  in  the  sense  that  they  are  capable  of  filling  each 
other's  place. 

In  a  strict  sense,  two  quantities  of  different  elements  can 
be  said  to  be  equivalent  to  each  other  only  when  they  are 
actually  capable  of  replacing  each  other  in  some  known  chem- 
ical reaction,  but  formerly  the  word  was  used  with  a  much 
wider  significance,  and  quantities  of  two  different  elements 
were  said  to  be  equivalent  to  each  other  if  they  had  been 
proved  to  be  equivalent  to  the  same  quantity  of  some  third 
element  which  served  as  a  link  of  cormection.  In  this  way 
an  equivalency  may  be  established  between  all  the  rhemical 
elements,  and  the  systc^m  of  chemistry  still  used  in  many  text- 
books is  based  on  a  system  of  equivalency  so  determined.  If 
the  table  of  chemical  equivalents  on  this  old  system  is  com- 
pared with  a  table  of  atomic  weights  on  tlie  new,  it  will  be 
found  that  the  numbers  of  the  one  are  either  the  same  as  those 
of  the  other,  or  eLse  some  very  simple  multiples  of  them.  The 
one  set  of  numbers  can  be  used  in  all  stochiometrioal  calcula- 
tions in  the  same  way  as  the  other,  and  on  the  old  system  the 
symbols  stand  for  equivalents,  as  in  the  new  they  stand  for 
atomic  weights.  The  equivalents  have  this  advantage,  that 
they  are  the  result  of  direct  experiments,  and  are  based  on  no 
hypothesis  in  regard  to  the  molecular  constitution  of  matter. 
But  this  hypothesis  is  necessary,  in  onlor  to  correlate  a  large 
number  of  facts  which  modern  cheraicil  investij^ation  has 
brought  to  light,  and  when  once  made,  the  rest  of  the  system 
follows  as  a  necessary  consequence. 

27.  Quantivalence  and  Atomicity  of  tfie  Elements,  —  If  now, 
starting  with  the  atomic  weights  as  they  have  been  determined 
or  assumed  in  Table  II.,  we  compare  toijether  the  different 
elements  from  the  point  of  view  taken  in  the  last  section,  it 
will  be  found,  that,  while  in  some  ca>es  ofie  atom  of  one  ele- 
ment is  the  equivalent  of  one  atom  of  another,  in  other  cases, 
it  may  be  the  equivalent  of  two,  three,  or  four  atoms.  Since 
in  the  system  of  this  book  the  symbols  always  stand  for  atomic 
weights,  the  relation  here  referred  to  is  made  evident  whenever 
any  metathetical  reaction  is  expressed  in  the  form  of  an  equa- 
tion. A  few  examples  will  illustrate  the  point,  and  make 
clear  what  is  meant.  The  reaction  of  aqueous  hydrochloric 
acid  on  a  solution  of  argentic  nitrate  is  expressed  by  the 
equation, 
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{AgNOs  +  IfOl  +  Aq)  =  (imO,  +  Aq)  +  AgCl  [28] 

and  here  evidently  Ag  changes  places  with  H,  and  hence  one 
atom  of  silver  is  equivalent  to  one  atom  of  hydrogen.  Take 
now  the  reaction  of  dilute  sulphuric  acid  on  zinc,  which  is 
expressed  by  the  equation, 

£i  +  (B,SO,  +  Aq)  =  {ZnSO,  +  Aq)  +  m-SI,   [29] 

and  it  will  be  seen  that  Zn  has  changed  places  with  H^j  and 
hence  that  one  atom  of  zinc  is  the  equivalent  of  two  atoms  of 
hydrogen.  Lastly,  in  the  reaction  of  water  on  phosphorous 
trichloride,  expressed  by  the  equation, 

H,H,0,-\-PCk  =  ZHCl-\-H,PO„  [30] 

rhoipliorouf  Add. 

it  is  equally  evident  that  P  has  changed  places  with  H^  and 
hence  in  this  reaction  one  atom  of  phosphorus  is  equiva- 
lent to  three  atoms  of  hydrogen. 

This  relation  of  the  elements  to  each  other  is  called  by 
Ilofmann  qumUivalence  ;  and  selecting  here,  as  in  the  system  of 
atomic  weights,  the  hydrogen  atom  as  our  standard  of  reference, 
the  atoms  of  different  elements  are  called  tintvalent,  ^'valent, 
/nvalent,  or  ^e/arfrivalent,  according  as  they  are  in  the  sense 
already  indicated  f^'uivalent  to  one,  two,  three,  or  four  atoms 
of  hydrogen.  These  terms  are  very  appropriate,  since  they 
are  all  derived  from  the  same  root  as  our  common  English 
word  equivalent,  which  best  exf)re8>es  the  fundamental  idea 
that  underlies  the  whole  subject.  We  shall  therefore  adopt 
them  in  this  book,  and,  as  Hofmann  recommends,  designate 
the  quanti valence,  whenever  important,  by  a  Roman  numeral 
placed  over  the  atomic  symbol  thus, 

1  II       nr       IV 

CA    0,    N,    a 

In  most  cases,  however,  the  quantivalence  is  indicated  with 
sufHcient  clearness  by  the  dashes,  which  are  also  used  in  this 
book  to  separate  the  parts  of  a  molecular  symbol.  The  num- 
ber of  these  dashes  is  always  tht*  sunn*  as  the  quantivalence 
of  the  atoms,  or  groups  of  atoms,  on  either  side. 
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With  these  additions  to  our  notation  we  are  able  to  express 
bj  our  STmbols  all  that  was  valuable  in  the  old  system  of 
equivalents,  and  at  the  same  time  all  that  is  peculiar  to  our 
modem  theories. 

Precisely  the  same  relations  of  quanti valence  are  manifested 
even  more  fully  by  the  compound  radicals,  whenever  in  a 
chemical  reaction  they  change  places  with  elementary  atoms, 
and  their  replacing  value  is  indicated  in  the  same  way.  Thus, 
in  the  following  reaction, 

C^hJ)-CI-\-H'0-H=iH-CI-\-H-0-CmJ),      [31] 

Acetyl  chloride.  Water.  Acetic  Acfd. 

the  radical  Cfi^  0,  named  acetyl,  changes  places  with  one  atom 
of  hydrogen,  and  is  therefore  univalent,  while  in  the  next, 

m  III 

CH--  Ck  +  H^N  =SIia+  CmN,  [32] 

Chloroform.  Uydrocyanlc  Add. 

the  radical  GH\&  as  evidently  trivalent. 

The  quantivalence  of  an  element  or  radical  is  shown,  not  only 
by  its  power  of  replacing  hydrogen  atoms,  but  also  by  its  power 
of  replacing  any  other  atoms  whose  quantivalence  is  known. 
Moreover,  what  is  still  more  important,  the  quantivalence  of  an 
element  or  radical  is  shown,  not  only  by  its  replacing  power,  but 
also  by  what  we  may  term  its  atom-jixing  power ,  that  is,  by  its 
power  of  holding  together  other  elements  or  radicals  in  a  mole- 
cule. We  may  take  as  examples  the  molecules  of  four  very 
characteristic  compounds,  namely,  hydrochloric  acid,  water, 
ammonia,  and  marsh  gas,  whose  symbols  may  be  written  thus, 

I  n  m  IV 

Hydrochloric  Add.         Water.  Ammonia.  Marsh  Gas. 

By  these  symbols  it  appears,  that,  while  the  univalent  atom  of 
chlorine  can  hold  but  one  atom  of  hydrogen,  the  bivalent  atom 
of  oxygen  holds  two,  the  trivalent  atom  of  nitrogen  three,  and 
the  quadrivalent  atom  of  carbon  four  atoms  of  the  same  ele- 
ment. It  appears,  then,  that  the  Roman  numerals  or  dashes, 
which  represent  the  replacing  power  of  the  atoms  or  radicals, 
represent  also  the  atom-jixing  power  of  the  same,  measured 
in  each  case  by  the  number  of  atoms  of  hydrogen,  or  their 
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equivalents,  with  which  these  atoms  or  radicals  can  combine 
to  form  a  single  molecule.  On  account  of  the  importance  of 
this  principle  we  will  extend  our  illustrations  to  a  number  of 
other  compounds,  and  the  student  should  carefully  compare 
in  each  case  the  quantivalence  on  the  two  sides  of  the  dash 
or  dashes,  which  mark  the  atom-fixing  power  of  the  dominant 
atom  in  the  molecule. 

II  II  II  II 

Na-Cl  K'l  C^HfBr  K-CN; 

Sodic  Chloride.      FoteMicIodlde.     Ethylic  Bromide.       FotMdc  Cyanid*. 

I    II    I  nn         ini  ini 

K-O-ff        Pb-0       H'O'NO^      H-O-C^ff^Oi 

P0U«»ic  Ilydrotc.     Plumbic  Oxide.        Nitric  Add.  Acetic  Add. 

I     1      I       III  I         mil  I     lU 

H.  K  a,  II.^N     ( C.  H,){^P     CHa.  C\H,,  C,Hn^N. 

Etliylaniiuc.  TrlcUiyi  phoephine.       Methyl-«thyl-«mjl-«inlne. 

The  quantivalence  of  the  chemical  elements,  especially  as 
indicated  by  their  iito:n-fixing  power,  is  by  no  means  always 
the  same.  They  constantly  exhibit  under  different  conditions 
an  unequal  atoin-nxiiig  power.     Thus  we  have 

II  IV  ni  V  m  V 

Sn  a^  and  Sn  a,.       P  CT^  and  PC/,,        NH^  and  NH,  Q. 

Each  element,  however,  has  a  maximum  power,  which  it  never 
exceeds.  This  we  shall  call  its  atomicity^  and  we  shall  distin- 
guish the  elements  an  monads,  dyads,  triads,  &c.,  according  to 
the  number  of  univalent  atoms  or  radicals  they  are  able  at 
most  to  bind  together.  Thus  nitrogen  is  a  pentad,  although 
it  is  more  commonly  trivalent,  and  lead  is  a  tetrad,  although 
it  is  usually  bivalent.  Again,  sulphur  is  a  hexad,  although 
in  mo«t  of  its  relations  it  is,  like  lead,  bivalent.  In  like 
manner  with  other  element^  one  of  the  few  po>sible  con- 
ditions is  generally  much  more  common  and  stable  than  the 
rest,  and  this  prevailing  quantivalence  of  an  element  is  a 
more  characteristic  property  than  its  maximum  quantiva- 
lence or  atomicity.  A  classification  of  the  elements  based  on 
their  atomieity  alone  would  contravene  their  most  striking 
analogies,  while  one  base<l  on  the  prevailing  quantivalence 
very  nearly  satisfies  all  natural  affinities.  Moreover,  it  should 
be  add(*d,  that,  while  the  prevailing  quantivalence  of  the  ele- 
ments i-s  ge!ienilly  well  e>tablished,  their  atomicity  is  frequently 
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BtiU  in  doubt ;  for  the  first  can  generally  be  discovered  by  study- 
ing the  simple  compounds  of  the  elements  with  chlorine  or  hy- 
drogen, while  the  last  is  often  only  manifested  in  those  more 
complex  combinations,  in  regard  to  which  a  difference  of  opin- 
ion is  possible. 

The  possible  degrees  of  quantivalence  of  an  elementary 
atom  are  related  to  each  other  by  a  very  simple  law.  They 
are  either  all  even  or  all  odd.  Thus  the  atom  of  sulphur  may 
be  sextivalent,  quadrivalent  and  bivalent,  but  is  never  triva- 
lent  or  univalent ;  and  on  the  other  hand  the  atom  of  nitrogen 
may  be  quinquivalent,  trivalent  and  univalent,  but  not  quad- 
rivalent or  bivalent  Atoms  like  those  of  sulphur,  whose  quan- 
tivalence  is  always  even,  are  called  artiadsy  while  those  like 
nitrogen,  whose  quantivalence  is  always  odd,  are  called 
pertssads, 

A  change  in  the  quantivalence  of  an  atom  implies  a  change 
in  all  its  chemical  relations,  and  the  differences  between  the 
reactions  of  the  same  atom  in  its  several  states  of  quantivalence 
are  frequently  as  great  as  those  between  the  atoms  of  different 
elements.  Indeed,  the  first  distinction  appears  to  be  only  less 
fundamental  than  the  last,  to  which  chemists  have  attached  so 
great  and  perhaps  undue  importance.  The  ferrous  and  ferric 
compounds  of  iron,  for  example,  would  be  referred  to  different 
elements,  were  it  not  for  the  single  circumstance  that  they  may 
be  derived  from  the  same  substance  and  are  so  readily  converti- 
ble into  each  other.  The  classes  of  compounds  to  which  they 
are  most  closely  related  belong  indeed  to  wholly  different  ele- 
ments ;  for  the  ferrous  compounds  resemble  those  of  zinc,  and 
the  ferric  compounds  those  of  aluminum.  A  multitude  of  simi- 
lar facts  will  be  brought  to  notice  in  Part  II.  of  this  work. 

28.  Atomicity  or  Qtumtivalence  of  Badicals.  —  When  in  the 
molecule  of  any  compound  the  dominant  or  central  atom  is 
united  to  as  many  other  atoms  as  it  can  hold  of  that  kind,  the 
molecule  is  said  to  be  saturated ;  thus 

HCl,        HM,        H^N,        H,C 

are  all  saturated  molecules  ;  for,  although  nitrogen  is  a  pentnd, 

it  cannot  without  the  intervention  of  some  other  atom  or  ra'li(*:il 

hold  more  than  three  atoms  of  hydrogen.     While  on  the  other 

liuud  ihe  molecules 

II  n  IT 

CO,        POlsBndSnn, 
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are  not  saturatefl,  for  they  can  combine  directly  with  more 
oxygen  or  chlorine,  forming  thus  the  saturated  molecules 

^O,,         PChsndSnCl^. 

If  now  from  a  saturated  molecule  we  withdraw  one  or  more 
atoms  of  hydrogen,  or  their  equivalents,  the  residue  may  be  rc- 
garded  as  a  compound  radical  with  an  atomicity  equal  to  the 
number  of  hydrogen  atoms,  or  their  equivalents,  withdrawn. 
Thus,  if  from  the  saturated  molecule  of  marsh  gas  If^C  we 
withdraw  one  atom  of  hydrogen,  we  got  the  radical  methyl 
y/,  Cy  which  is  a  monad ;  if  we  withdraw  two  atoms,  we  have 
the  radical,  ff^jQ  which  is  a  dyad;  if  we  withdraw  three, 
there  results  HC,  which  is  a  triad ;  and  lastly,  if  we  with- 
draw all  four,  we  fall  back  on  the  tetrad  atom  of  carbon.  Again, 
if  from  the  saturated  molecule  of  nitric  anhydride  N^O^  we 
withdraw  one  atom  of  the  dyad  oxygen  0,  it  falls  into  two 
atoms  of  NO2  each  of  which  is  a  monad.  If  now  we  with- 
draw from  NO.2  one  of  its  remaining  atoms  of  oxygen,  we 
have  left  NO,  which  is  a  triad.  Lastly,  a  molecule  of  sulphuric 
anhydride  SO3,  which  is  saturated,  gives,  by  withdrawing  one 
atom  of  oxygen,  SO^  which  acts  as  a  bivalent  radical.  These 
cousidenitions  lead  us  to  a  simple  rule,  first  stated  by  Wurtz, 
which  in  almost  every  case  will  enable  us  to  infer  llie  atomicity 
of  any  given  radical.  The  atomicity  ^  of  a  compound  radical 
is  always  equal  to  the  number  of  hydrogen  atoms,  or  their  equiva* 
lents,  which  the  radical  may  be  regarded  as  having  lost. 

It  must  not  be  supposed,  however,  that  all  such  radicals  are 
possible  compounds.  In  a  few  cases  only  these  residues,  of 
which  we  have  been  speaking,  form  non-saturated  molecules, 
which  are  capable  of  existing  in  a  free  state,  like  those  of  car- 
bonic oxide,  nitric  oxide  and  sulphurous  acid.  At  other  times 
they  are  compound  radicals,  which,  by  doubling,  form  molecules 
that  can  exist  in  a  free  state,  as  those  of  cyanogen  gas,  and 
perhaps  also  of  some  hydrocarbons.  Again,  they  ap()ear  as 
compound  radicals,  which  pass  and  repass  in  so  many  chemical 
reactions  a«*  to  almost  force  upon  us  the  belief  that  they  have 
a  real  existences  and  represent  the  actual  grouping  of  the 
atoms  in  the  compounds  of  which  they  seem  to  be  an  in- 
tegnd  part.  Still  again,  and  even  more  frequently,  they  can 
only  be  regarded  as  convenient  factors  in  a  chemical  equation. 

1  The  qiumtiTAleiioe  of  a  oompotuid  r»dical  b  ftlwRjs  the  Mme  m  iu 
atomicitj. 
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Questions  and  Problems. 

1.  Analyze  the  following  metathetical  reactions,  showing  in  each 
case  how  many  parts  of  the  several  elements  are  equivalent  to  one 
part  by  weight  of  hydrogen,  and  also  to  how  many  atoms  of  hydro- 
gen one  atom  of  each  of  the  interchanging  elements  corresponds. 
For  the  atomic  weights  refer  to  Table  II. 

2H'0'a,H,  +  K-K=  2K'0'CoH,  +  HH. 

AlcohoL  Fotawium.       FoUmIc  EthyUte. 

Water.  Magneslc  Hydrate. 

Sb-=0,^Hs  +  ^Ha  =  Sba^  +  ZH'O-H. 

Antimonioat  Hydrate.  AntimoniooB  Chloride. 

\H'0-H  A-  Si  CI,  =  ff,W^Si  +  ABCl. 

SiUcic  Chloride.         Silicic  Acid. 

2  Make  out  a  table  of  chemical  equivalents  so  far  as  the  reactions 
of  this  chapter  will  enable  you  to  deduce  them  from  the  atomic 
weights  given  in  Table  II. 

3.  Analyze  the  following  metathetical  reactions^  showing  in  each 
case  how  the  quantivalence  of  the  several  compound  radicals  in- 
volved in  the  metathesis,  is  indicated. 

H'0-ff+(C,ii,oyo-(c^ff,)=(c,iisO)-o-ff-\-Ji-0'{C^,). 

Water.  Acetic  Ether.  Acetic  Acid.  AlcohoL 

2K-{CN)  +  (0,ff,)-Br,  =  {C.,H,y{CN\  +  2KBr. 

FotaMic  Cyanide.         Ethylene  Bromide.  Ethylene  Qyanide.  PotaMic  Bromide. 

ZHOH-ir  {C,H,yCk  =  {G,ff,YOtH,  +  ^HCl. 

Water.  Glyceryl  Chloride.  Glycerine.  Hydrochloric  Acid. 

The  names  of  the  radicals  are  as  follows :  CJIfiy  Acetyl ;  CtH^ 
Ethyl ;  CJI,,  Ethylene ;  C^H^^  Glyceryl ;  CN^  Cyanogen. 

4.  What  is  the  atom-fixing  power  or  quantivalence  of  the  differ- 
ent atoms  and  radicals  in  the  following  symbols  ? 

KfSs'SbS  H^Na "  0,=  CO  (NB,y  0  -NO 

FotaMic  Sulphantimoniate.     A -id  Sodic  Ou-bonate.  Ammonie  Nl'rite. 

ff^N,-C,0,         {HO).{H.,NY[  C,ff,0,)        K,SbW,W,ff,0^ 

Ozamide.  Succinamic  Acid.  Tartar  Emetic  (dried). 

5.  If  H^O ;  Q/T. ;  C^H^O  (alcohol)  ;  COCl^  (phosgene  gas) ; 
CfH^Ot  (acetic  acid)  and  C^H^O^  (oxalic  acid)  arc  saturated  mole- 
cules, what  is  the  atomicity  of  the  radicals  HO  (hydroxy  1)  ;  CtH^ 
(ethyl)  ;  C^H,  (ethylene)  ;  C^Hfi  (aldehyde)  ;  CO  (carbonyl) ; 
Cjafi  (acetyl)  and  C^O^  (oxalyl). 
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29.  J\fpe$  of  Chemical  Compounds.  —  There  are  three 
modes  or  forms  of  atomic  grouping,  to  which  so  large  a  num- 
ber of  substances  may  be  referred,  that  they  are  regarded  as 
molecular  types,  or  patterns,  according  to  which  the  atoms  of 
a  molecule  are  grouped  together.  These  types  may  be  repre- 
sented by  the  general  formulae :  — 

II  iin  ini 

R'R  E,E-E    or    EEB  [33] 

iiim  iimi 

Ey  E,  E^E        or        E,  E'E-E. 

It  will  be  noticed,  that  in  the  first  of  these  types  a  single  uni- 
valent atom  or  radical^  is  united  to  another  single  univalent 
atom,  that  in  the  second  a  bivalent  atom  binds  together  two 
univalent  atoms  or  their  equivalents,  and  that  in  the  third  a 
trivalent  atom  binds  together  three  univalent  atoms,  or  their 
equivalents.  The  dashes  are  used  to  separate  what  has  been 
called  the  central,  the  dominantj  or  the  typical  atom  from  those 
which  it  thus  unites  into  one  molecular  whole,  and  serve  at 
the  same  time  to  point  out  the  parts  of  the  symbol  to  which 
its  affinities  are  directed.  Commas  are  used  to  separate  the 
subordinate  atoms  so  united.  It  will  be  further  noticed,  that 
in  each  case  the  quantivalence  of  the  dominant  atom  is  equal 
to  the  sum  of  the  quantivalenccs  of  the  subordinate  atoms,  or 
radicals,  on  either  side;  and  the  peculiarity  in  each  case  consists 
solely  in  the  relations  of  the  parts  of  the  molecule  which  we 
thus  attempt  to  indicate  by  the  symbol.  The  three  compounds, 
hydrochloric  acid,  water,  and  ammonia, 

II         I     I   II         I     I     I    in 
H-  CI,     H,  U-  O,      H,  H,  H'^N, 

1  Here,  m  eliewhere  through  the  book,  we  use  the  symbol  R  (br  *dv 
II  i' 

QoiTAlent,  R  for  anj  bivalent,  and  n  for  any  trivalent  atom  or  radical.    Mor»> 

over,  to  avoid  unneceMary  repetition,  we  shall  for  the  fature  conform  to  the 

general  usage,  and  tpeak  of  the  atoms  of  a  radical  at  well  at  of  those  of  an 

element,  and  D»e  the  wonl  "  atom  *'  at  applying  to  both,  although  th«  uaago 

fVequently  involves  an  obvious  solecism. 
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are  generally  taken  as  representatives  of  these  types,  and  sub- 
stances are  described  as  belonging  to  the  type  of  hydrochlo- 
ric acid,  to  the  type  of  water,  or  to  the  type  of  ammonia,  as 
the  case  may  be.  These  substances,  however,  are  regarded  as 
types  in  no  other  sense  than  that  their  molecules  present  the 
same  mode  of  grouping  which  is  indicated  above  by  the  more 
general  symbols.  Substances  belonging  to  the  same  type  may 
have  widely  different  properties.  To  the  type  of  water  be- 
long the  strongest  alkalies  and  the  most  corrosive  acids  known. 
In  what,  then,  it  may  be  asked,  does  the  type  outwardly  con- 
sist, or  in  what  is  it  manifested  ?  for  the  grouping  of  the  atoms 
can  only  be  a  matter  of  inference.  The  answer  is,  that  the 
type  of  the  molecules  of  a  substance  is  manifested  solely  by 
its  chemical  reactions.  Substances  belonging  to  the  same  type 
are  simply  those  whose  reactions  may  be  classed  together  ac- 
cording to  some  one  general  plan.  Thus  water,  alcohol,  and 
acetic  acid  are  classed  in  the  same  type,  because,  when  submit- 
ted to  the  action  of  the  same  or  similar  reagents,  they  undergo 
a  like  transformation,  which  seems  to  point  to  a  similarity  of 
atomic  grouping. 

H.  H-0  +  PCh  =  PCkO  +  H'Cl  +  H'Cl 

Water.  Phosphoric  Chloride.  Hydrochlorio  Acid. 

H,  a,n,-o  +  pck  =  PCko  +  i7-cz  +  aff,-a  [34] 

Alcohol.  Photphoric  Oxy-chloride.  Ethylic  Chloride. 

H,  G^H^O-0  +  PCk  =  PCkO  +  H-a  +  C^H^O-CL 

Acetic  Acid.  Aeetylic  Chloride. 

On  Studying  these  reactions,  it  will  be  seen  that  both  the  man- 
ner in  which  the  three  compounds  break  up,  and  the  probable 
constitution  of  the  products  formed,  point  to  the  conclusion,  that, 
in  each,  one  bivalent  atom  holds  together  two  univalent  atoms 
or  radicals.  It  will  be  found,  in  the  first  place,  that  in  all  three 
cases  the  reaction  consists  primarily  in  the  substitution  of  two 
atbms  of  chlorine  for  one  of  oxygen  in  the  original  molecule. 
It  will  appear,  in  the  next  place,  that  as  soon  as  this  dominant 
atom,  which  holds  together  the  parts  of  the  molecule,  is  taken 
away,  each  of  the  three  molecules  splits  up  into  two  others  of  a 
similar  type ;  and  lastly,  it  is  evident  from  the  third  example 
that  one  of  the  oxygen  atoms  of  acetic  acid  stands  in  a  very 
different  relation  to  the  molecule  from  the  other.     All  this 
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points  to  the  inference  just  made.  At  least,  these  and  a  vast 
number  of  similar  reactions  are  best  explained  on  this  hypoth- 
esis, and  herein  its  only  value  lies  and  its  probability  rests. 
In  section  27  we  have  already  given  the  symbols  of  a  number 
of  chemical  compounds  so  printed  that  they  can  be  at  once  re- 
ferred to  one  or  the  other  of  the  three  types  here  alluded  to, 
and  it  will  not,  therefore,  be  necessary  to  multiply  examples  in 
this  place. 

80.  Condensed  Types,  —  In  the  same  way  that  a  bivalent 
atom  may  bind  together  two  univalent  atoms  or  their  equiva- 
lents, so,  also,  it  may  serve  to  bind  together  two  molecules,  and, 
in  like  manner,  a  trivalent  atom  may  bind  together  three  mole- 
cules  into   a  more  complex   molecular  group ;  and  thus   are 

formed  what  are  called  condensed  types.     We  may  represent 

I     II    I 
a  double  molecule  of  the  type  of  water  thus  R^^Ri'^R^  but 

it  must  be  borne  in  mind  that  such  a  symbol  stands  for  two 

molecules,  since,  by  the  very  definition,  two  molecules  of  the 

same   kind  cannot  chemically  combine.      We  can,  however, 

solder  them,  as  it  were,  into  one  molecular  whole  by  substituting 

I  n 

for  the   two  univalent  atoms  R.^  a  single  bivalent  atom  Ry 

when  we  obtain  a  mode  of  molecular  grouping  represented  by 

I     II    II 
R,-R,'Ry  [35] 

which  may  be  called  the  type  of  water  doubly  condensed.  The 
constitution  of  common  sulphuric  acid  is  best  represented  after 
this  type  by  the  symbol,  — 

ff^rOi'SOf  [36] 

n 
The  soldering  atom  is  here  the  bivalent  radical  SO3.     In  like 

manner,  by  using  a  trivalent  atom,  we  can  solder  together 

three  molecules  of  the  same  water-type,  as  in  the  general 

symbol,  — 

which  represents  the  type  of  water  trebly  condensed.  In  the 
same  way  we  may  derive  the  symbol,  — 

I     I    III    II  r^Al 
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which  represents  the  type  of  ammonia  doublj  condensed.  The 
sabstance  urea,  one  of  the  roost  important  of  the  animal  secre- 
tionsy  is  best  represented  by  a  symbol  after  this  last  type, — 

m    n 
H^  H^iN^-CO  [39] 

.where  the  soldering  atom  is  the  bivalent  radical  carbonyl. 

Chemists  have  also  been  led  to  admit  the  existence  of  what 
are  called  mixed  typeSj  which  are  formed  by  the  union  of  mole- 
cules of  different  types  soldered  together  by  a  single  multiva- 
lent atom  or  radical  as  before.  Thus,  the  molecules  of  sul- 
phurous acid  may  be  regarded  as  formed  of  a  molecule  of  water 
soldered  to  a  molecule  of  hydrogen  by  an  atom  of  sulphuryl, 

S0^\  thus,  H-O-H and  HE,  united  by  SO^  give 

ff'0'Sb,-H.  t'*^] 

So,  also,  the  composition  of  a  complex  organic  compound 
caUed  sulphamide,  or  sulphamic  acid,  is  most  simply  expressed 
when  regarded  as  formed  by  the  union  of  water  and  ammonia 
soldered  together  b^r  the  same  radical  sulphuryl ;  thus,  from 

in  n  in    n      n 

ff,  H-N-H,  and  H-OHyiq  have  H,  H-NSO^-O-H.       [41] 

Lastly,  if  we  bind  together  on  the  same  principle  molecules 
of  the  type  of  hydrochloric  acid,  we  shall  simply  reproduce 
the  types  of  water  and  of  ammonia,  thus  showing  that  all  the 
types  are  only  condensed  forms  of  the  simplest.  We  must  not, 
therefore,  attach  to  the  idea  of  a  chemical  type  any  deeper  sig-. 
nificance  than  that  indicated  above.  It  is  simply  a  conven- 
ient mode  of  classifying  certain  groups  of  chemical  reactions, 
and  a  help  in  representing  them  to  the  mind;  and  we  may 
regard  the  same  substance  as  formed  on  one  type  or  on  the 
other,  as  will  best  help  us  to  explain  the  reactions  we  are  study- 
ing. Moreover,  it  is  frequently  convenient  to  assume  other  types 
besides  those  here  specially  mentioned. 

81.  Substitution.  —  When  cotton- wool  is  dipped  in  strong 
nitric  acid  (rendered  still  more  active  by  being  mixed  with 
twice  its  volume  of  concentrated  sulphuric  acid),  and  after- 
wards washed  and  dried,  it  is  rendered  highly  explosive,,  axid^ 

5 
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although  no  important  change  has  taken  place  in  its  outward 
aspect,  it  is  found  on  analysis  to  have  lost  a  certain  amount  of 
hydrogen  and  to  have  gained  from  the  nitric  add  an  equivalent 
amount  of  nitric  peroxide  NO^  in  its  place. 

Oe(ffio)0,    becomes     CJ[Hr(^0,)i)0,. 

OoCton.  Gun-Cotton. 

Under  the  same  conditions  glycerine  undergoes  a  like  change, 
and  is  converted  into  the  explosive  nitro-glycerine,  — 

a(lfs)Os    becomes     Cj(ff,(NO,)s)0^ 

Gljreeiine.  Nltn>-glje«iiiie. 

So,  also,  the  hydrocarbon  naphtha,  caUed  benzole,  is  changed 
into  nitro-benzole,  — 

Ce  B^     becomes      CJ^H^yNO^, 

Bensola.  Mltro-bcnaole. 

The  last  compound  is  not  explosive,  and  the  explosive  nature 
of  the  first  two  is  in  a  measure  an  accidental  quality,  and  is 
evidently  owing  to  the  fact  that  into  an  already  complex  struc- 
ture there  have  been  introduced,  in  place  of  the  indivisible  atoms 
of  hydrogen,  the  atoms  of  a  highly  unstable  radical  rich  in  oxy- 
gen. The  point  of  chief  interest  for  our  chemical  theory  is  that 
this  substitution  does  not  alter,  at  least  essentially,  the  outward 
aspect  of  the  original  compound.  Every  one  knows  how  closely 
gun-cotton  resembles  cotton-wool.  In  like  manner  nitro-glycer- 
ine is  an  oily  liquid  like  glycerine,  and  nitro-benzole,  although 
darker  in  color,  is  a  highly  aromatic  volatile  fluid  like  benzole 
itself.  Products  like  these  are  called  iub$titution  producUj  and 
they  certainly  suggest  the  idea  that  each  chemi(»il  compound 
has  a  certain  definite  structure,  which  may  be  preserved  even 
when  the  materials  of  which  it  is  built  are  in  part  at  least 
changed.  If  in  the  place  of  firm  iron  girders  we  insert  weak 
wooden  beams,  a  building,  while  retaining  all  its  outward  as- 
pects, may  be  rendered  wholly  insecure,  and  so  the  explosive 
nature  of  the  products  we  have  been  considering  is  not  at  all 
incompatible  with  a  close  resemblance,  in  outward  aspects  and 
internal  structure,  to  the  compounds  from  which  they  were 
deriveil. 

The  idea  that  each  body  has  a  definite  atomic  structure  is 
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even  more  forcibly  suggested  by  another  class  of  substitation 
products  first  studied  bj  Dumas,  in  which  atoms  of  chlorine, 
bromine,  or  iodine  have  taken  the  place  of  the  hydrogen  atoms 
of  the  original  compound.  Thus,  if  we  act  upon  acetic  acid 
with  chlorine  gas,  we  may  obtain  three  successive  products,  as 
shown  in  the  following  table,  although  only  the  first  and  the 
last  have  been  fully  investigated. 

Acetic  acid  C^^fit  ^    {CJlJ>y<>-H 

Chloracetic  acid  C^{H^CI)0^    «    (C^H^ClOyO-H 

Dichloracetic  acid        C,  (£r,aO^,   "    {C^HCl^OyO-H 

Trichloracetic  acid       C^(Ha^O^    "    {CjClfiyO-H 

We  cannot,  however,  replace  the  fourth  atom  of  hydrogen 
by  chlorine ;  and  this  fact  seems  to  prove  that  there  is  a  real 
difference  between  this  atom  of  hydrogen  and  the  other  three, 
and  gives  an  additional  ground  for  the  distinction  we  make 
when  we  write  the  symbol  of  acetic  acid  after  the  type  of  water, 
as  in  the  second  column.  The  three  atoms  of  hydrogen  in  the 
radical  placed  on  the  left-hand  side  of  the  dominant  atom  may 
all  be  replaced  by  chlorine,  but  the  single  atom  of  hydrogen 
placed  on  the  right  cannot.  These  products  all  resemble 
acetic  add  in  that  they  form  with  the  alkalies  crystalline 
salts,  when  the  fourth  atom  of  hydrogen  is  replaced  by  an 
atom  of  sodium  or  potassium,  as  the  case  may  be. 

It  was  the  study  of  these  and  similar  substitution  products 
which  first  led  to  the  conception  of  chemical  typeSj  and  the 
word  as  first  used  was  intended  to  convey  the  idea  of  a  definite 
structure,  although  perhaps  as  yet  unknown  ;  but  as  the  theory 
was  extended  more  and  more,  and  to  widely  different  chemical 
compounds,  it  was  found  that  the  first  definite  conception  could 
not  be  maintained,  and  the  idea  gradually  assumed  the  shape  we 
have  given  it  in  the  lasjt  section.  Still,  the  facts  from  which 
the  original  conception  was  drawn  remain,  and  they  point  no 
less  clearly  now  than  they  did  before  to  the  existence  of  a  def- 
inite structure  in  all  chemical  compounds  as  the  legitimate  ob- 
ject of  chemical  investigation. 
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82.  Iiomorphitm.  —  Closely  associated  with  the  facts  of  the 
last  section,  trhich  And  their  chief  manife^tatjoa  in  auttstances 
of  organic  origin,  are  the  plienomena  of  isomorpbum,  which 
are  equally  conspicuous  among  artificial  ealts  and  native  min- 
erals. There  seems  to  be  an  intimate 
I  connection  between  chemical  composition 
I  and  crystalline  form,  and  two  substances 
I  which  under  a  like  form  have  an  anal- 
I  ogouB  composition  are  laiil  to  be  iiomor- 
I  pkotu,  TbuB  tlie  following  minerals  all 
I  crystallize  in  rhombohedrons  (Fig.  1,) 
I  which  have  very  nearly  the  same  inter- 
I  facial  angles,  and,  as  the  symbols  show, 
I   aoalagous   composition.     They  are  therefore 

Calcite  or  calcic  carbonate  Ca-O^CO 

Magnetite  or  magncsic  carbonate  M^O^CO 

Chalybdite  or  ferrous           "  Ve-O^-VO 

IKallogila  or  manganons     "  Mn-OfCO 

Sniitfaionite  or  sincio          "  ZtfO^CO 

The  moct  cursory  examination  of  these  symbols  will  show 
that  they  differ  from  each  other  only  in  the  fact  that  one  me- 
tallic atom  has  been  replaced  by  another.  It  is  not,  however, 
every  metallic  atom  which  can  thus  be  put  in  without  altering 
till'  form.  This  is  a  peculiarily  that  is  confined  lo  certain 
liroujis  of  elcmrnts,  which  for  thi«  reason  are  called  group*  of 
isomorjihous  elemenli'.  Moreover,  as  a  rule,  ihere  \»  a  clo^e  re- 
semblance between  the  members  of  any  one  of  these  group*  in 
all  their  other  chemical  rt-lutioni).  These  facts,  like  those  of  the 
last  s<-ctii>n,  lend  lo  nhow  that  thi-  mole^'ules  of  every  sufasiance 
have  A  determinate  structure,  which  ailraits  of  a  limited  substi- 
tution of  purls  without  undersoing  essential  change,  but  which 
is  cithir  (lestroye<l  or  takes  a  new  Khape  when  in  place  of  one 
of  its  cimslituenls  wc  force  in  an  unconformable  element.  A 
well-kuowa  class  of  artificial  salt's  called  theiilums  alTords  even 
a  murt-  striking  illustration  of  the  principles  of  isom(>rphi>m 
than  the  simpler  example  we  have  chosen ;  hut  all  the  bearings 
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of  the  subject  cannot  be  understood  without  a  knowledge  of 
crystallography,  and  we  must  therefore  refer  for  further  details 
to  works  on  mineralogy. 

33.  Rational  Symbols.  —  Chemical  formulae,  like  those  of 
the  last  few  sections,  which  endeavor,  by  grouping  together  the 
elementary  symbols,  to  illustrate  certain  classes  of  reactions, 
and  to  illustrate  the  manner  in  which  a  complex  molecule  may 
break  up,  are  called  rational  symbols^  and  are  to  be  distinguished 
from  the  simpler  symbols  used  earlier  in  the  book,  which  ex- 
press only  the  relative  proportions  in  which  the  elements  are 
combined,  and  which,  since  they  are  simply  expressions  of  the 
results  of  analysis  on  a  concerted  plan,  are  called  empirical 
symbols*  Whether  these  rational  symbols  can  be  regarded  in 
any  sense  as  indicating  the  actual  grouping  of  the  material 
atoms  is  very  doubtful,  although  facts  like  those  stated  above 
would  seem  to  indicate  that  such  may  be  the  case,  at  least  to  a 
limited  extent.  It  is  difficult,  for  example,  to  resist  the  con- 
clusion that  in  alcohol  and  its  congeners  the  atoms  C2^  are 
grouped  together  in  some  sense  apart  from  the  rest  of  the 
molecule ;  but  then  we  have  no  evidence  of  this  grouping  apart 
from  the  reactions  of  these  compounds,  and,  until  greater  cei> 
tainty  is  reached,  it  is  not  best  to  attach  a  significance  to  our 
symbols  beyond  the  truths  they  are  known  to  illustrate. 

It  is  objected  to  the  use  of  rational  symbols  that  they  bias 
the  judgment  on  the  side  of  some  theory,  of  which  they  are 
more  or  less  the  exponents.  But  when  they  are  used  in  the 
sense  stated  above,  this  objection  has  no  force,  for  the  reactions 
they  prefigure  are  no  less  facts  than  the  definite  proportions  they 
conventionally  represent,  and  we  employ  one  mode  of  grouping 
the  symbols  or  another,  as  will  best  indicate  the  reactions  we 
are  studying.  Moreover,  as  science  advances,  we  have  every 
reason  to  believe  that  we  shall  gain  more  and  more  knowledge 
of  the  actual  relations  between  the  parts  of  a  material  molecule, 
and  as  has  already  been  intimated,  there  can  hardly  be  a 
doubt  that  in  some  cases  our  rational  symbols  do  express  even 
now  actual  knowledge  of  this  sort,  however  crude  and  partial 
it  may  be.  Our  present  typical  symbols  are  indeed  the  ex- 
pressions of  partial  generalizations,  which,  however  imperfect, 
have  an  element  of  truth.  Hence  it  is  that  they  have  pointed 
out  new  lines  of  investigatiou,  have  led  to  new  discoveries,  and 
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have  been  of  the  greatest  value  to  science.  Tbej  will  doabt- 
less  soon  be  superseded  by  other  rational  symbols,  expressing 
other  partial  generalizations,  to  serve  the  same  purpose  in  their 
turn  and  be  likewise  forgotten.  We  must  not,  however,  de- 
spise these  temporary  expedients  of  science.  They  are  not  only 
useful,  but  necessary,  and  cannot  mislead  the  student  if  he  re- 
members that  all  such  aids  are  merely  the  scaffoldings  around 
the  science,  on  which  the  builders  work.  It  is  from  this  point 
of  view  alone  that  we  are  to  look  at  the  whole  idea  of  chemi- 
cal atoms,  which  lies  at  the  basis  of  our  modern  chemical 
philosophy.  That  this  idea  is  actually  realized  in  the  concrete 
form  which  it  takes  in  some  minds,  can  hardly  be  believed. 
The  true  chemical  idea  of  the  atom  is  more  nearly  represented 
by  the  corresponding  Latin  word  individuum.  The  atom  is 
the  chemical  individual,  the  unit,  in  which  the  mind  seeks  to 
repose  for  the  time  the  individuality  of  that  as  yet  undivided 
subvStance  we  call  an  element. 

34.  Graphic  Symbols.  —  A  more  graphic  method  of  repre- 
senting the  relations  between  the  atoms  of  a  molecule  than 
that  of  our  ordinary  rational  symbols  has  been  contrived  by 
K6kule,  and  has  a  similar  value  in  aiding  the  conceptions,  and 
thus  facilitating  tiie  study  of  chemistry.  In  describing  this 
system  we  shall  speak  of  the  possibilities  of  combination  of 
any  poly  ad  atom  with  monad  atoms  as  so  many  centres  of  at- 
traction or  points  of  attachment,  and,  also,  as  so  many  affinities. 
KfSkule  represents  a  monad  atom,  with  its  single  centre,  thus,0, 
while  the  symbols  («  Q,  («  ■  Q,  («  .  -  Q,  &c.,  represent 
polyad  atoms  of  different  atomicities.  When  the  several  affini- 
ties are  satisfied,  the  points  are  exchanged  for  lines  pointing 

in  the  direction  of  the  attached  atoms.     Thus,  the  symbol 

represents  a  dyad  atom  with  its  two  affinities  satisfied  by  two 

n 
monad  atoms,  as,  for  example,  in  a  molecule  of  water  H-Q-H* 

In  like  manner  the  symbol      >jj^^>||^  repre- 

V      II 

sents  a  molecule  of  nitric  anhydride  iV^O^,  and  the  symbol 
S   i  I  I   i  8   *  n^olccu^c  of  sulphuric  anhydride  SO9.     Mole- 


cules like  these,  in  which  all  the  affinities  are  satisfied,  are  said  to 
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V 

be  saturated  or  dosed,  while  the  atomic  group  NO^  represented 
by  y^ y^^ — <--v  has  one  point  of  attraction  still  open,  and, 
therefore,  acts  as  a  monad  radical  So,  also,  the  molecular 
group  SO2  represented  by  >  '^'  '^  ^  -v ,  acts  as  a  dyad  radi- 
cal 

These  graphic  symbols  enable  us  to  illustrate  several  impor- 
tant principles  which  could  not  readily  be  understood  without 
their  aid. 

First.  In  the  examples  given  in  this  section  thus  far,  the 
quanti valence  of  a  group  of  atoms  of  the  same  element  is 
equal  to  the  sum  of  the  quantivalences  of  all  the  atoms  of  the 

V  u 

group.  Thus,  in  the  molecule  N^O^  the  group  of  two  pentad 
atoms  presents  ten  aiBnities,  and  is  saturated  by  the  group  of 
five  dyad  atoms,  which  presents  the  same  number  of  affinities 
in  return.  So,  also,  in  the  molecule  SOs,  a  group  of  three 
dyad  atoms  just  saturates  the  single  hexad  atom  S.  Such,  how- 
ever, is  not  necessarily  the  case,  for  it  frequently  happens  that 
the  similar  atoms  of  such  groups  are  united  among  them- 
selves, and  that  a  portion  of  the  affinities  (necessarily  always 
an  even  number)  are  thus  satisfied.  For  example,  although 
0  is  a  tetrad  atom,  the  hydrocarbons,  C^^  Ci-Hi*  and  Ci/Tj,  are 
all  saturated  molecules,  as  is  shown  by  the  following  graphic 
symbols, 


^m     ^ 


C^Hf  C^H*  C^l^ 

and  it  is  evident  that  in  the  first  the  two  carbon  atoms  have 
been  united  by  two,  in  the  second  by  four,  and  in  the  third  by 
six,  of  their  eight  affinities,  while  a  corresponding  number  of 
pointy  to  which  hydrogen  atoms  might  otherwise  have  been  at- 
tached are  thus  closed. 

In  like  manner  we  have  a  well-known  series  of  hydrocar- 
bons, whose  symbols  are 

CII4,    C^ff^i    ^Z^»    ^i^Wf    ^sMvxi    ^b-STm,  &C., 

the  molecule  of  each  one  differing  from  that  of  the  last  by  the 
group   CHf.     In  all  these  compounds  the  carbon  atoms  are 
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united  among  themselves  at  the  smallest  possible  number  of 
points,  as  is  shown,  in  a  single  case,  by  the  following  graphic 
symbol, 

and  by  constructing  the  graphic  symbols  of  the  other  members 
of  the  series,  it  will  be  easily  seen  that  the  number  of  affinities 
thus  closed  is  in  every  case  equal  to  2  n  —  2,  while  the  number 
remaining  open  is  in  —  (2  n  —  2)  =  2  n  -J-  2,  where  n 
stands  for  the  number  of  carbon  atoms  in  the  molecule.  Hence, 
while  the  groups  just  mentioned  form  saturated  molecules,  the 
atomic  groups 

CH,        CJI,        C,Hj        GJI^        C,H^&c^ 

MethjL  £tltyL  PropyL  ButyL  AmjL 

act  as  univalent  radicals.     The  graphic  symbol  of  ethyl  is 

(\y\\  iVi    I    I    ^ '  *"^^  "*  *  similar  way  the  graphic  symbols  of 

the  other  radicals  may  be  easily  constructed.  In  like  manner 
may  be  also  constructed  the  graphic  symbols  of  the  following 
important  compound  radicals,  which  form  a  series  parallel  to 
the  first,  and  are  all  evidently  dyads :  — 

C,H,        C,H,        C,H,        C,H,o&c 

Ethylene.         Propylene.      Bu^lene.  Amylene. 

Here  again  the  graphic  symbols  enable  us  to  explain  a  remark- 
able fact  These  last  atomic  groups  act  not  only  as  compouud 
radicals!,  but  also  form  the  molecules  of  definite  hydrocarbons 
(the  firtit  in  the  series  being  the  well-known  olefiant  gas),  and 
the  difference  in  these  two  conditions  may  be  represented  to 
the  eye,  in  the  case  of  amylene,  for  example,  as  below :  — 


(SGT   (iXi)     OXb     (iXi)     CiXi) 

Hydrocarbon  Ts//,,. 

The  molecule  in  the  first  case  \a  open,  and  preneiits  two  points 
of  attraction,  while  in  the  second  case  it  is  c•lo^ed. 
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The  members  of  the  two  classes  of  hydrocarbon  radicals 
mentioned  above  are  the  characteristic  constituents  of  an  im- 
portant class  of  compounds  called  alcohols,  and  hence  they  are 
usually  called  alcohol  radicals.  If,  in  these  atomic  groups,  we 
substitute  oxygen  for  a  portion  of  the  hydrogen,  one  atom  of 
oxygen  always  taking  the  place  of  two  atoms  of  hydrogen,  we 
obtain  still  other  series  of  radicals,  which  are  the  characteristic 
constituents  of  several  important  organic  acid;^,  and  belong  to 
the  class  of  acid  radicals,  which  will  be  defined  in  the  next 
chapter.  Among  the  most  important  of  the  radicals  thus  de- 
rive are  those  of  the  following  series :  — 

CHO        C^H^O        CsE.O        C,ErO        CJ3[,0 

Formyl.  Acetyl.  ProplonyL  Butyryl.  Valoryl. 

and  the  student  should  construct  the  graphic  symbol  of  each. 

The  compounds  of  carbon  have  been  selected  to  illustrate 
the  apparent  change  of  atomicity  which  frequently  accompa- 
nies the  grouping  together  of  similar  atoms,  because  this  ele- 
ment is  peculiarly  susceptible  of  such  a  mode  of  combination, 
and  in  fact  the  almost  infinite  variety  of  its  compounds  may  be 
traced  to  this  circumstance.  The  same  phenomenon,  however, 
is  presented,  although  to  a  less  marked  degree,  by  other  ele- 
ments. Thus  arises  the  remarkable  fact  that  a  group  of  two 
atoms  of  a  bivalent  element  has  not  unfrequently  only  the  same 
quantivaknce  as  a  single  atom.  For  example,  there  are  two 
compounds  of  mercury  and  chlorine  Hg^'Cl^  represented  graphi- 
cally by  >|y|<  and  [_Hg.^  =  Cl^  represented  by  py'^'    ^^  *^ 

we  have  Cu^O  and  [(7mJ=0.  We  also  frequently  meet  with 
another  illustration  of  the  same  principle  in  an  important  class 
of  tetrad  elements  whose  atoms  readily  pair  together,  forming 
an  atomic  group  which  is  sexivalent  Thus  are  formed  the 
well-known  compounds 

When  these  same  elements  enter  into  combination  by  single 
atoms,  they  are  almost  invariably  bivalent,  and  thus  we  have, 
in  several  cases,  two  very  distinct  classes  of  compounds,  the 
one  formed  with  the  single  and  the  other  with  the  double  atom 
of  the  element ;  for  example, 
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Fe-Cl^  and  [J^e,]5C4        Fe-0  and  [J^eJiO,- 

It  will  be  noticed  that  although  in  the  compounds  of  the 
second  class  the  quantivalence  of  the  single  atoms  is  twice  as 
great  as  it  is  in  the  first,  jet  their  atom-fixing  power  is  only 
increased  bj  one  half,  and  hence  the  name  of  f^^^ut-oxides 
or  «e<^t-chlorides,  &c,  which  is  frequently  applied  to  them. 

In  order  to  distinguish  the  groups  of  similar  atoms  whose 
afiinities  are  all  open,  from  those  groups  where  the  afiinities  are 
in  part  closed  bj  the  union  of  the  atoms  among  themselves,  we 
may,  as  above,  enclose  the  symbols  of  the  last  in  brackets ;  and 
this  rule  will  generally  be  followed.  In  most  cases,  however, 
the  relations  of  the  parts  of  the  symbol  are  sufiiciently  evident 
without  this  aid. 

Seconilly.  The  graphic  symbols  illustrate  another  important 
theoretical  principle,  which,  ahhouc^h  almost  s^elf-evident,  might 
be  overlooked  if  not  dwelt  upon  specially ;  namely,  that 
OD  the  multivalence  of  one  or  more  of  its  atoms  depends  the 
integrity  of  every  complex  molecule.  According  to  our  pres- 
ent theories,  no  molecule  can  exist  as  an  integral  unit  unless  its 
parts  are  all  bound  together  by  such  atomic  clamps.  More- 
over, the  whole  virtue  of  a  compound  radical  consists  in  the 
circumstance  that  it  is  an  incomplete  structure  of  the  same  sort, 
and  its  quantivalence  is  in  every  case  equal  to  the  number  of 
univalent  atoms  (or  their  equivalents)  which  are  required  to 
complete  it,  or  which  it  may  be  regarded  as  having  lost. 
Hence  the  law  of  Wurtz  finds  a  perfect  expression  in  this  sys- 
tem of  graphic  notation. 

Thinlly.  The  graphic  symbols  illustrate  most  forcibly  the 
relations  of  the  parts  of  a  complex  molecule.  Thus,  for  ex- 
ample, the  symbols  of  alcohol  and  acetic  aoid  given  below  show 
that  in  these  compounds  the  dominant 
atom  of  oxy^ren  acts  as  a  bond  uniting 
a  complex  radicid  to  a  single  monad 
atom.  They  also  show  how  it  is 
possible  that  three  of  the  atoms  of 
hydrogen  in  acetic  acid  may  stand  in 
a  very  different  relation  to  the  mole- 
cule from  the  fourth  (31).  Again 
they  show  that  the  molecule  of  acetic 
acid  ditfers  from  that  of  alcohol  in  the  ^t^^^^ 


few 

Alcohol. 


AcMk  ArM. 
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fact  that  one  dyad  atom  has  taken  the  place  of  two  monad 
atoms;  and,  lastly,  they  give  form  to  the  idea  of  chemical 
types,  so  far  as  it  has  any  real  significance.  When  the  com- 
position of  a  compound  is  represented  in  this  way,  all  the 
accidental  or  arbitrary  divisions  of  our  ordinary  notation  dis- 
appear, and  only  those  are  preserved  which  are  fundamental. 
We  gain  thus  more  accurate  conceptions  of  molecular  struc- 
ture. We  understand  better  the  relations  of  the  various  com- 
pound radicals  (compare  §  28),  and,  above  all,  we  thus  realize 
the  full  meaning  of  the  fundamental  tenet  of  our  new  philoso- 
phy, which  holds  that  each  chemical  molecule  is  a  completed 
structure  bound  together  in  all  its  parts  by  a  system  of  mutual 
attractions. 

There  is  another  system  of  graphic  symbols,  frequently  used 
in  works  on  modern  chemistry,  which  has  some  advantages 
over  the  one  just  described.  In  this  system  the  atoms  are 
represented  by  small  circles  circumscribing  the  ordinary  sym- 
bol, and  the  atomicity  is  indicated  by  dashes  radiating  from 
these  circles.  A  few  examples  will  sufficiently  illustrate  the 
application  of  this  method. 

®  ®  ®  ® 

@-@-®         ®-©-©-®-®         (H)-©-©-®-® 
Water  I  I  I 

®     ®  ® 

Alcohol.  Acetic  Acid. 


H-O-H 


It  is  obvious,  however,  that  the  circles  here  used  are  not  es- 
sential, and  if  we  omit  them,  and  only  use  dashes  between  the 
dominant  atoms,  and  also,  for  convenience  in  printing,  bring  the 
whole  expression  into  a  linear  form,  using  commas  to  separate 
disconnected  atoms,  and  such  other  signs  as  may  be  necessary  to 
avoid  ambiguity,  we  have  at  once  the  ordinary  system  of  nota- 
tion adopted  in  this  book.  The  graphic  symbols  last  described 
are  merely  an  expansion  of  this  system.  Nevertheless,  the  prac- 
tice of  developing  the  ordinary  symbols  into  either  of  the  more 
graphic  forms  will  tend  to  impress  the  full  meaning  of  the 
symbols  on  the  mind  of  the  student,  and  will  thus  greatly  aid 
him  in  acquiring  a  clear  conception  of  the  theory  of  modem 
chemistry. 
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We  may,  however,  extend  the  use  of  dashes  so  as  to  indicate 
the  relations  of  all  the  parts  of  a  complex  molecule  hy  our  or- 
dinary notation.    Thus  we  may  write  the  symbol  of  alcohol 

{iC-C]lH,)-0-H, 
or  that  of  acetic  add 

{lC-Cr\lH^O)'0'H, 

and  these  expanded  symbols  may  frequently  be  used  to  ad- 
vantage in  place  of  the  graphic  forms.  When  thus  developed, 
the  symbol  indicates  the  quanti valence  of  each  of  the  atoms  of 
the  molecule,  and  in  every  case,  if  the  symbol  is  correctly 
written,  the  number  of  dashes  will  be  one  half  of  the  total 
quantivalence  of  all  the  atoms  which  are  thus  grouped  together, 
for  each  dash  evidently  represents  two  affinities. 

The  remarks  at  the  close  of  the  last  section  apply,  of  course, 
still  more  forcibly  to  such  bold  and  material  conceptions  as 
these  graphic  symbols  appear  to  represent,  and  when  we  re- 
call the  hooked  atoms  of  an  elder  philosophy,  we  cannot  but 
smile  to  think  how  closely  our  modem  science  has  reproduced 
what  we  once  considered  as  strange  and  grotesque  fancies.  But, 
absurd  as  such  conceptions  certainly  would  be,  if  we  supposed 
them  realized  in  the  concrete  forms  which  our  diagrams  em- 
body, yet,  when  regarded  as  aids  to  the  attainment  of  general 
truths,  which  in  their  essence  are  still  incomprehensible,  even 
these  crude  and  mechanical  ideals  have  the  very  greatest  value, 
and  cannot  well  be  dispensed  with  in  the  study  of  science. 

Questions  and  Problems. 

1.  To  what  types  may  the  followiug  symbols  be  referred,  and  what 
is  the  quantivalence  of  the  diflerent  compound  radicals  here  distin- 
guishfHl  ?  Study  with  the  same  view  the  symbols  already  given  in 
the  previous  chapter. 

H-{C,H,)        /HC,ff,0)         C,H,        ff,-0,'(0,/ftO) 

BcBiole.  Oil  of  Bitter  Almonds.  Ethylene.  OlycolUc  Acid. 

ffO-{C„H,)     J/-0-(C,ff,0)     HiOf(C.,H,)     Bi'OAC.Ot) 

riMikie  Acid.  Bensoic  Acid.  Glycol.  Oxalic  Acid. 

JiH,{r^ff,)>if  ff,ff.(r,ir,0)'y 

AniUiM.  Benutnlde. 

EtbylMM  dlMiiine.  OssmkU. 
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H,  H'N-{CtH^O)-0-H  B,  H'N-{^CtO^)-0-H 

Olycocol.  Ozunlc  Acid. 

H,  ( C,H, 0)-N-{ C^H^ Oy 0-H      H,  H'N-{ C,0^)-0-( (7,^i) 

Hlppurie  Add.  OxAinettuuie. 

2.  Analyze  the  following  reactions,  and  show  that  by  comparing 
the  reactions  in  each  group,  the  typical  structure  of  the  various 
compounds  may  be  inferred. 

a 'CI        +        B-ff       =        HCl        +        Ha 

Qkloiine  gas.  Hydrogen  gu.  Hydrochloric  Acid.        Hydrocliloric  Add. 

ci-ci    +  (c,H,o)-ff  =  (C,H,0)-ci  +  noi 

Oil  of  Bitter  Almondi.  Benzoyl  Chloride. 


ff-Cl      +      K-O'ir  =        KCl      +  If- Off 

Fbtawic  Hydrate.  Potaadc  Chloride.  Water. 

ff^Cl    +    {C,ff,)-0-ff  =    (CM,)- CI    +  ff-O'ff 

AlcohoL  Ethylle  Chloride. 


If,If=S  +    PiCT,   =  PWl3,S   +  BCl  +  HCl 

Solphohydric  Add.    Fhofphoric  Chloride. 

H,  (  C^,  OyS  +  Pi  CI,  =  PWl^S+(  C,H,  0)-Cl4-  Ha 

Thlacdic  Add.  Acetyl  Clitorlde. 


K^'OfHi  +  (CO).  HN  =  KfOHCO)  +  H,  H  HN 

PotaMic  Hydrate.  Cyanic  Add.  Pota««lc  Carbonate.  Ammonia. 

Kt'  OrH^+  (C0).(  C,H,YN=  Ki  0./{  CO) +H.H(  C^.YN 

Cyanic  Ether.  Ethylamine. 

S.  What  would  be  the  symbols  of  cyanic  acid  and  cyanic  ether  (see 
last  problem),  on  the  supposition  that  they  contain  the  radical  cyan- 
ogen, and  are  formed  afler  the  water  type  ?  Is  the  following  reaction 
compatible  with  that  last  given  ? 

K'0-ff+  (C,H,)-0-{CN)  =  {C,ff,yO-ff+  K-O-(CN)} 

Cyanethollne.  Alcohol.  Potaasic  Cyanate. 

and  if  not,  what  conclusion  must  you  draw  in  regard  to  the  two 
compounds  cyanic  ether  and  cyanetholine  ? 

4.  What  bearing  have  the  phenomena  of  substitution  on  the  doc- 
trine of  chemical  types  ?     Does  the  circumstance  that  the  proper- 

1  This  product  in  the  actual  process  is  decomposed  by  the  excess  of  potash 
into  potassic  carbonate  and  ammonia. 
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ties  of  the  rabstltotion  products  are  frequentlj  quite  different  from 
those  of  the  original  stibstance  invalidate  the  doctrine  ? 

5.  How  does  the  action  of  chlorine  on  acetic  acid  indicate  that 
this  compound  is  fiuhioned  afler  a  determinate  type  ?  On  what 
particular  fact  does  this  evidence  chiefly  rest  V 

6.  What  bearing  have  the  phenomena  of  isomorphism  on  the  doc- 
trine of  types  ?  Enforce  the  argument  by  some  familiar  illustra- 
tion. 

7.  The  radical  allyl  C,^,  is  univalent  in  oil  of  garlic  (C^H^\^S, 
and  in  allylic  alcohol  {C^H^-O-H^  but  trivalent  in  glycerine 
{C^^=O^H^.  Moreover,  this  radical  when  set  free  doubles,  forming 
a  volatile  hydrocarbon  oil,  which  has  the  composition  {CJI^^{CJI^), 
and  which  combines  directly  with  bromine,  the  resulting  product  hav- 
ing the  symbol  {C^H^'{CJI^iBr^.  Represent  these  symbols  by  the 
graphic  method,  and  thus  explain  the  diflerent  relations  of  the 
radical 

8.  Represent  the  symbols  of  phenic  acid  and  benzoic  acid  by  the 
second  graphic  method,  and  explain  why  the  radical  phenyl  (C^^J 
and  benzoyl  (QHfi)  are  only  univalent 

9.  Why  is  it  that  the  addition  of  the  atoms  CH^  does  not  change 
the  atomicity  of  a  radical  ? 

10.  What  is  the  quanti valence  of -4/  in  the  symbol  [i4/-^l/]|C7,? 
Is  there  any  difference  in  the  quantivalence  of  Fe  in  the  two  com- 
pounds Fe-O^'CO  and  [Fe-F«]iOJ(50J,?  Answer  the  questions  by 
the  aid  of  graphic  symbols. 

11.  Is  there  any  difference  in  the  quantivalence  of  nitrogen  in 
potassic  nitrite  K-O-NO  and  potassic  nitrate  K-O-NO^^i 

12.  Represent  by  graphic  symbols  the  difference  between  cyanic 
ether  and  cyanetholine  (see  problems  2  and  8  above). 

18.  The  symbol  [////JC/,  represents  a  single  molecule,  while 
NofClt  represents  two  molecules,  and  would  be  more  properly  writ- 
ten 2NaCL     What  is  the  difference  in  the  two  cases  V 

14.  Represent  by  the  graphic  method  the  symbols  of  potassic  car- 
bonate KtOe{CO)  and  potassic  oxalate  K^O^{C%Oi)^  and  show 
that  both  form  a  perfect  molecular  unit 

15.  Represent  by  the  graphic  method  the  following  symbols ; 

Hi  0/(  C^H,)        (Propyl  Glycol.)  ; 
Et^Oi{CJS,0)     (Lactic  Acid.) ; 
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Sf  0.f{  Csffi  0,)    (Malonic  Acid)  ; 
Er  Or{  Cs  Os)       (Unknown), 

and  tlias  show  that  they  are  formed  after  the  same  type. 

16.  What  is  the  atom-fixing  power  or  quantivalence  of  the  ele- 
ments and  radicals,  which  appear  in  the  various  symbols  given  in 
this  chapter  ?  Develop  these  symbols,  and  show  that  they  repre- 
sent in  each  case  a  single  perfect  molecule. 

N.  B.  The  student  should  practice  developing  the  ordinary  mole- 
cular symbols  into  the  graphic  forms  described  above,  until  he  is  per- 
fectly familiar  with  the  method,  and  has  acquired  a  clear  conception 
of  the  different  types  of  molecular  structure. 


CHAPTER   IX.* 

BASES,   ACIDS,    AND    SALTS. 

85.  HydrateBy  Alkalies,  Bcues.  —  It  is  not  un  frequently  the 
case  that  the  technical  terms  of  a  science  remain  in  use  long 
aAer  they  have  lost  their  original  meaniug.  This  is  peculiarly 
true  of  those  which  we  have  placed  at  the  head  of  this  section. 
They  have,  with  the  exception  of  the  first,  come  down  to  us 
from  the  period  of  alchemy,  and  are  still  retained  in  the  lan- 
guage of  trade  and  in  many  works  on  practical  science,  with  a 
peculiar  meaning  which  they  have  acquired  during  the  last 
hundred  years  under  the  teaching  of  the  dualistic  theory. 
Since  they,  in  many  cases  at  least,  suggest  erron'eous  concep- 
tions in  regard  to  the  constitution  of  chemical  compounds,  it 
would  be  well  if  they  could  be  discarded  altogether ;  but,  as 
this  is  impracticable,  we  must  endeavor  to  give  to  them  as 
definite  a  meaning  as  possible. 

The  term  "hydrate"  is  applied  to  a  class  of  compounds  which 
were  formerly  supposed  to  contain  water  as  such,  but  which  are 
now  believed  to  have  no  closer  relation  to  water  than  is  indi- 
cated by  the  circumstance  that  they  have  the  same  type,  and 
may  be  formed  from  water  by  replacing  one  of  its  hydrogen 
atoms  with  some  metal.  Thus,  by  acting  on  water  with  |>otas- 
sium,  we  obtain  potassic  hydrate ;  or,  if  we  use  sodium,  we  ob- 
tain sodic  hydrate. 

2H'0'/I+  K-K:=2K-0'H+  H'H 

Water.  FotaMlani.       PotaMie  U/dme.    Ujrdroffen  Om. 

[42] 
2H0-H-\-  Na-Na  =  2  Nn-O-H  4-  H II 

Water.  Sodiam.  Sodlc  Hydrate.        ujdrofen  Oaa. 

Both  of  these  hydrates,  and  also  those  of  the  very  rare  but 
closely  allied  metals,  lithium,  caesium,  and  rubidium,  are  very 

*  In  ^tudylnp  thii  chapter  the  >»tuflent  nhouM  endonvor  to  remember  the 
nimeA  nnd  «ymboU  of  the  different  com|>ound!*  mentioned.  Hitherto  we 
have  been  chiefly  employed  with  the  furm»  of  the  symbols,  and  this  exercise 
of  the  memory  has  not  been  expected. 
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soluble  in  water,  and  yield  solutions  which  corrode  the  skin,  and 
convert  the  fats  into  sonps.  To  all  the  substances  known  to 
tbem  which  possessed  these  caustic  qualities  the  alchemists 
gave  the  name  of  alkalies^  and  this  term  is  now  applied  to  the 
five  hydrates  jusi  enumerated.  The  first  two  of  these  are 
commercial  products,  and  have  important  applications  in  the 
arts.  They  all  differ  from  the  hydrates  of  other  metals  in  that 
they  cannot  be  decomposed  by  heat  alone. 

Again,  if  we  act  on  water  witli  calcium  or  magnesium,  we 
obtain  calcic  or  magncsic  hydrate ;  but  the  double  atom  of 
water  is  then  decomposed  by  these  bivalent  metals. 


ff/O.-R,  +  Ca=  Ca-OfK,  +  HH 

Water.  Calciuin.         Calcic  Uydrate.         Hydrogen  Oai. 

HiCfH^  +  Jr^  =  Mg-0.fK,  +  H-H 

Water.  Bfagneidain.     Magnetic  Uydrate.     Hydrogen  Oaa. 


[43] 


These  two  hydrates,  as  well  as  those  of  the- allied  metals, 
barium  and  strontium,  although  much  less  soluble  in  water 
than  the  alkalies,  still  dissolve  in  this  common  solvent  fo  a 
limited  extent,  and  manifest  decided  caustic  qualities.  When 
dry  they  have  an  earthy  appearance,  and  hence  are  frequently 
known  as  the  alkaline  earths.  They  also  differ  from  the  true 
alkalies  in  the  fact  that  they  are  readily  decomposed  by  heat ; 
and  since  they  are  then  resolved  into  water  and  a  metallic 
oxide,  as  the  following  reaction  shows,  the  opinion  formerly 
entertained  in  regard  to  their  composition  was  not  unnatural. 

Mg--  OfH^  =  MgO  +  Ih  0  [44] 

When  heated. 

Moreover,  when  the  anhydrous  oxides  are  mixed  with  water, 
they  enter  into  direct  union  with  a  portion  of  the  liquid.  This 
combination  is  usually  attended  with  the  evolution  of  great 
heat,  and  the  process  is  known  as  slaking. 

t        CaO  +  ^jO  =  Car-OfH^  [45] 

There  are  many  other  metallic  hydrates  which  are  still  more 
readily  decomposed  by  heat  These,  as  a  rule,  cannot  be 
formed  by  the  direct  union  of  the  corresponding  metallic  oxide 
and  water,  but  may  be  obtained  by  adding  to  a  solution  of 

C 
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a  salt  of  the  metal  one  of  the  soluble  hydrates  mentioned 
above.     Thus,  — 

(CuCk  +  2Na'0'If+  Aq)  =  ((7u«0/5i  +  2JVaCT  +  ^9) 

Cuprie  Chloiida.  Cnpiie  Hydrmte.     Sodie  Chloride. 

[46J 
(ZnO,  +  ^K-0-H-\-Aq)  =  {Zn'OfH^  +  'i.KCl-\-  Aq) 

Zineie  CUorid*.  Zladc  Hydrate.       PotaMie  Oiloride. 

Ferric  Chloride.  Forte  Hydrate.       Baric  Chloride. 

The  hydrates  are  regarded  bj  some  chemists  as  compounds 
of  the  metal  with  the  compound  radical  hydroxyl,  and  their 
symbols  are  then  written  after  a  simpler  type,  thus, — 

Ca-{HO\  Fe-{HO)^  \Fr,J(HO)^ 

Calcic  Hydrate.  Farrow  Hydrate.  Ghromk  Hydrate. 

Ammonia,  —  Closely  allied  to  these  metallic  hydrates  is  a 
very  remarkable  compound,  formed  by  dissolving  ammonia 
gas,  NH^  in  water.  Although  the  product  resembles,  in  many 
of  its  physical  relations,  a  simple  solution  of  gas  in  water,  yet 
the  compound  in  all  its  chemical  relations  acts  like  a  metallic 
hydrate, 

NH^     +      H^O     =     NH,-0-H 

Ammonia  Gaa.  Water.  Ammonle  Hydrates 

which  has  led  chemists  to  write  its  symbol  after  the  type  of 

water,  and  to  assume  the  existence  of  a  univalent  compound 

I 
radical  NH^^  to  which  has  been  given  the  name  of  ammonium. 

Metallic  Oxides  or  Banc  Anhydrides,  —  Closely  allied  to 

the  metallic  hydrates,  in  the  relation  we  are  now  considering, 

are  many  of  the  simple  compounds  of  the  metab  with  oxygen 

which  are  called  in  general  metallic  oxides.     Such  compounds 


Ca-O        Ba-0        Pb'O        Fe-0         CSi-0        Aa^O 

Oakte  Oxide.     Baric  Oxide.    DaroMc  Oxide.  Ferroua  Oxide.  Capric  Oxida.  Arfcn^  Oxide. 

may  be  regnnled  as  formed  from  one  or  more  molecules  of  water, 
by  replacing  all  the  atoms  of  hydrogen  with  those  of  some  metal ; 
and  these  oxirles  as  well  as  the  hydrates  before  mentioned  are 
frequently  clnt!«ed  together  under  the  common  title  of  hoMM^ 
although  it  would  be  best  to  confine  this  term  to  tiie  metallic 


BASES,  ACIDS,  AND  SALTS.  83 

hjdrates  alone,  and  to  distinguish  the  btuic  oxides  as  b<me 
cmhydrides.     (37) 

SaU*.  —  The  atoms  of  hydrogen  still  remaining  in  a  metallic 
hydrate  may  he  replaced  with  the  atoms  of  a  well-defined  class 
of  non-metallic  elements  and  compound  radicals;  and,  for  a 
reason  whidi  will  soon  appear,  the  replacing  atoms  are  called 
acid  or  negative  radicals/ 

From  this  replacement  results  a  new  class  of  compounds  we 
call  9aU$.    Thus,  — 

K'O'H  gives  KO-G.    also  K-ONO^  and  K-0-{,C^H^O) 

BoteMlc  Hydrate.       FotaMie  Hypochlorite.  Fotetiie  Nitrate.  Potaatlc  Acetate. 

Ca-O^H^  gives    Ca-O.-SO^    Ca=0^=CO   Ca-0.f{CM^O)^ 

Cakic  Hydnts.  Calde  Sulphate.     Calcic  Cartxmate.  Calcic  Acetate. 

36.  Aetds.  —  Opposed  in  chemical  properties  to  the  so- 
ealled  bases  is  another  very  important  class  of  compounds 
called  acids.  They  derive  their  name  from  the  flBLCt  that  they 
are  generally  soluble  in  water  and  have  a  sharp  or  sour  taste, 
although  there  are  many  exceptions  to  the  rule.  Like  the 
bases,  they  all  contain  hydrogen  ;  but  "this  hydrogen  can  no 
longer  be  replaced  by  non-metallic  elements  or  negative  radi- 
cals, but  only  by  metallic  elements  and  positive  radicals,  and  it 
is  herein  that  the  chief  distinction  lies.  Moreover,  the  opposi- 
tion of  these  two  classes  of  compounds  also  appears  in  the  fact 
that,  while  in  bases  the  replaceable  hydrogen  atoms  are  united 
to  a  metallic  atom  or  positive  radical,  which  for  this  reason  we 
frequently  call  a  basic  radical,  in  the  acids,  on  the  other  hand, 

1  The  word  radical,  as  n^ed  in  chemistry,  stands  for  any  atom  or  group  of 
atom%  which  is,  for  the  moment,  regarded  as  the  principal  constituent  of  the 
molecules  of  a  given  compound,  and  which  docs  not  lose  its  integrity  in  the 
ordinary  chemical  reactions  to  which  the  substance  is  liable.  The  distinc- 
tion between  basic  and  acid  nidicals  (or  positive  and  negative  radicals  as  they 
are  more  frequently  called)  will  become  clear  as  we  advance.  It  is  sufficient 
for  the  present  to  state  that,  although  these  terms  imply  an  opposition  o/rela- 
tkm  radier  than  a  difference  of  qualities,  yet,  as  a  general  rule,  the  metallic 
atoms  are  blu^ic  radicals,  while  the  non-metallic  atoms  are  acid  radicals. 
Moreover  it  may  be  added,  that  among  compound  radicals  those  consisting  of 
carbon  and  hydrogen  alone  are  usually  basic,  and  tiiose  containing  also  oxy- 
gen usually  acid;  and,  farther,  that  of  the  two  most  important  radicals  con- 
taining nitrogen,  ammonium  {NIJi)  is  strongly  basic,  and  cyanogen  ( CN)  as 
decidedly  acid.  In  this  book,  with  few  exceptions,  the  basic  radicals  are 
always  placed  on  the  left-hand,  and  the  acid  radicals  on  the  right-hand  side, 
of  the  molecular  symbols. 
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^uatt  maut  hjiirogeii  atoms  are  onited  as  a  mle  to  a  non- 
inffiiTiir  a£ixn  or  negatire  radical*  frcqnendTy  aboi»  called  as 
aa«««  aa  aeid  radicaL  In  moat  casi»  dbere  is  a  vincalum 
vifida.  Buifitt  chie  two  pans  of  the  moiecale ;  and  both  in  acids 
jcb£  hi  haaej   thk  Tincnlnm  con^sts  osiiallj  of  one  or  more 

atomo^  althoQ^rfa  in  a  large  daas  of  acids  the  hjdrogen 

are  miit«d  directlj  lo  the  radical  withoat  anj  such  con- 

The  acids  of  this  dass  hare  bj  far  the  simplest 

;  and  we  will  give  examples  of  these  first,  adding 

ca.^  a  reactit^o  to  illustrate  the  acid  relations  of  the 
eompoand.  In  stodjing  these  reactioo3»  it  most  be  borne  in 
mind  that  the  evidence  of  additj  is  in  eadi  case  to  be  found  in 
the  hci  that  one  or  more  of  the  hjdrogen  atoms  of  the  com- 
pound may  be  replaced  bv  positire  radicals  or  metallic  atoms. 
This  replacement  maj  be  obtained  in  one  of  four  frajs,  —  bj 
acting  on  the  acid,  either  with  the  metal  itself,  or  with  a  metallic 
oxide,  or  with  a  metallic  base,  or  with  a  metallic  salt. 

(2Ha  +  Aq)  +  XaXa  =  (2  .VaCf  +  Aa)  +  DC-IH 

Djdrochlorie  Aril  S«dim».  S««e  — '    *  - 


i2Ha  +  Aq)  +  ZhO  =    (ZkO,  +  B^O  +  Aq) 

ZlDOcOzida.      aiMie  CklartAft. 

[47] 
(HBr    +    K-O-ff  +  Jq)  =  (KBt  +  H^O-^-Aq) 


(///-f  Aq'0-XO^  +  Aq)=  Agl  +  {HOXO.  +  Ag) 

Ilfdfkidic  Arid.    AxftmUt  Xitr^t.  Aifcatic  lodUt.  Xttrtc'^' 


We  will  next  pive  examples  of  more  complex  acids,  in  wliich 
the  two  parts  of  the  molecule  are  imited  bj  a  vinculum  of  oxy- 
gen atoms. 

(//.rnr  ///))  +  AVO-//+  A  q)  —  (XaCUC^Hfi)  +n^O^Aq) 

Attiie  Acid.  9od*e  Ojdnlr.  Sodic 


t«lpbu«ic  Add  Cvpric  Oildc        Cvpric  ■"nlphair 


Such  acids  as  these  are  called  oxygen  acids.  Like  the 
hydrate,  tliey  may  be  reganled  as  compound*^  of  hydroxyl, 
but  with  negative  instead  of  positive  radicals,  thus:— 
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EO'NO^  {HG)fSO^  (HO)^-PO. 

mtzlo  Add.  Sulphuxie  Add.  Pho«phoric  Add. 

This  mode  of  writing  the  symbols  is  not  only  frequently  con- 
venient, but  has  been  of  real  value  by  bringing  out  unex- 
pected and  important  relations.  It  does  not,  however,  indicate 
any  fundamental  difference  of  opinion  in  regard  to  the  consti- 
tution of  these  hydrates,  and  this  at  once  appears  when  the 
symbols  are  put  into  the  graphic  form. 

When  an  acid,  like  acetic  acid,  contains  but  one  atom  of  hy- 
drogen, which  is  replaceable  by  a  metallic  atom  or  a  positive 
radical,  it  is  called  monobasic ;  when,  like  sulphuric  acid,  it  con- 
tains two  such  hydrogen  atoms,  it  is  called  dibasic ;  when,  like 
phosphoric  acid,  it  contains  three,  it  is  tribasic,  &c.  Moreover, 
one  evidence  of  this  difference  of  basicity  is  found  in  the  fact 
that  whereas  a  monobasic  acid  can  only  form  one  salt  with  a 
univalent  radical,  a  dibasic  acid  can  form  two,  and  a  tribasic 
three.  Thus,  while  we  have  only  one  sodic  nitrate,  there  are 
two  sodic  sulphates  and  three  sodic  phosphates. 

Bodie  Nltrmte.  Acid  Sodic  PhotpliUo. 

Add  Sodic  Sulpliate.  Neatral  Sodic  Plioapliate.  L^J 

NcutO^SO^  Na^O^PO 

Nentnl  Sodic  Sulphate.  Basic  Sodic  Phosphate.  , 

There  is,  however,  but  one  calcic  sulphate,  for,  since  the  cal- 
cium atoms  are  bivalent,  a  single  one  Ls  sufficient  to  replace 
both  of  the  hydrogen  atoms  in  the  acid. 

37.  Acid  Anhydrides.  —  Besides  the  acids  properly  so  called, 
all  of  whigh  contain  hydrogen,  there  is  another  class  of  com- 
pounds which  bear  the  same  relation  to  the  true  acids  which  the 
metallic  oxides  bear  to  the  true  bases.  To  avoid  confusion,  com- 
pounds of  this  class  have  been  distinguished  as  anhydrides^  and 
they  may  be  regarded  as  one  or  more  molecules  of  water  in 
which  all  the  hydrogen  has  been  replaced  by  negative  or  acid 
radicals.  As  among  the  most  important  of  these  we  may 
enumerate  Sulphuric  Anhydride  SO^^O  or  SO^  Nitric  Anhy- 

1  More  precisely  acid  anhydrides^  but  as  the  basic  anhydrides  are  nsaally 
called  Blmply  metallic  oxides,  the  qualifying  term  is  seldom  added. 
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dride  (NO^)fO  or  N^O^,  Carbonic  Anhydride  C0*0  or  CO^ 

I 
Phosphoric  Anhydride  {PO^^O  or  P^O^  and  Silicic  Anhy- 

IV 

dride  Si^O^  Most  of  the  anhydrides  unite  directly  with 
water  to  form  acids,  and  several  of  the  acids,  when  heated, 
give  off  water  and  are  resolved  into  anhydrides.  [Compare 
44  and  45.1 

H^O    +     SO;,  =  H^-O^-SO^ 

Sff,0    +    P,0,  =  2ff^0^P0 


ff,WfSi  =  SiO^  +    2B^0 

Silicic  Add.     Silicic  Anhjrdrid*. 

2H^0^B    =  B^Oj^  4-    Slf^O 

Boric  Add.  Bode  Anhydrida. 


[49] 


Moreover  in  many  cases  these  anhydrides  will  combine  di- 
rectly with  the  metallic  oxides  to  ibrm  salts ;  and  the  reac- 
tions are  best  indicated  by  a  rational  formula,  which  represents 
the  oxide  and  anhydride  as  radicals  in  the  resulting  compound. 
Thus,  baric  oxide  bums  in  the  vapor  of  sulphuric  anhydride^ 
yielding  baric  sulphate ;  and  lime  also  unites  directly  with  the 
same  anhydride,  although  with  less  energy,  forming  calcic  sul- 
phate. 

BaO  +  50a  —  BaO,  iSO,  and  CaO  +  50,  =  CbO,  50, 

We  are  thus  led  to  the  old  formulae  of  the  dualistic  system, 
according  to  which  the  metallic  oxides  were  the  only  true 
bases,  the  anhydrides  were  the  only  true  acids,  and  the  two 
were  regarded  as  paired  in  all  true  salts.  But,  although  in 
its  modem  theories  our  science  has  fortunately  left  the  mts  to 
which  the  dualistic  ideas  for  so  long  limited  its  progress,  yet  it 
must  l)e  remembered,  that,  according  to  our  present  definitions, 
tliese  dualistic  formulae  are  perfectly  legitimate,  and  still  give 
the  simplest  ex|>oHition  of  a  large  number  of  important  facts. 

38.  Sa/!te.— The  definition  of  the  term  "salt"  has  been  clearly 
implied  in  the  definitions  of  "base"  and  ^'acid"  already  given. 
It  is  any  acid  in  which  one  or  more  atoms  of  hydrogen  have 
been  replaced  with  metallic  atoms  or  basic  radicals;  it  is  any 
base  in  which  the  hydrogen  atoms  have  been  more  or  less  re- 
placed by  non-metallic  atoms  or  acid  radicals ;  or  it  may  be  the 
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product  of  the  direct  union  of  a  metallic  oxide  and  an  anbj* 
dride.  A  neutral  salt  is,  properly  speaking,  one  in  which  all 
the  hydrogen  atoms,  whether  of  base  or  acid,  have  been  re- 
placed as  just  stated.  A  basic  salt  is  one  in  which  one  or 
more  of  the  hydrogen  atoms  of  the  base  remain  undisturbed, 
and  therefore  still  capable  of  replacement  by  acid  radicals.  An 
acid  salt  is  one  in  which  one  or  more  of  the  hydrogen  atoms  of 
the  acid  remain  undisturbed,  and  therefore  capable  of  replace- 
ment by  basic  radicals. 

But,  besides  the  basic  and  acid  salts,  which  come  under  these 
definitions,  there  are  also  others  which  can  be  most  simply  de- 
fined as  consisting  of  several  atoms  of  the  metallic  oxide  to  one 
of  anhydride,  or  of  several  atoms  of  anhydride  to  one  of  the 
metallic  oxide. 

As  an  example  of  acid  salts  of  the  second  class  we  have,  be- 
sides the  two  sodic  sulphates  mentioned  on  page  85,  also  a 
third,  which  may  be  written  Na^O^^SO^.  This  is  easily  ob- 
tained by  simply  heating  the  acid  sulphate. 

2{H,  Na-CfSO^)  =  Na,,0.  280^  +  Sl/fi)         [50] 

Add  Sodle  Sulphate.  Sodic  Blralphate.  Water. 

If  heated  to  a  still  higher  temperature,  one  atom  of  the  anhy- 
dride is  set  free,  and  the  salt  falls  back  into  the  neutnil  sul- 
phate. 

Biralphate.  Nentnl  Sulphate.  Anhydride. 

Thb  reaction  justifies  the  dualistic  form  given  to  the  symbol ; 
but  other  relations  of  the  bisulphate  may  be  better  expressed 
by  the  following  typical  formula,  — 

Sodic  BUulphate.  Neutnl  Sulphate.  Anhydride. 

in  which  a  group  of  two  atoms  of  *S0„  soldered  together  by 
one  atom  of  oxygen,  acts  as  a  bivalent  radical. 

As  an  example  of  a  basic  salt  of  the  second  class  we  have, 
in  addition  to  the  two  plumbic  acetates  of  the  normal  type, 

Pb'  Oo=(  C^H^  0),         and         Ph-  0./(  O^ff^  0),  H 

Neutral  inumhle  Acetate.  Baric  Plumbic  Acetate. 
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a  third  salt  containing  three  times  as  much  lead,  — 

{Pb'0-Pb-0-PbyO,'(C^H,0)^  [51] 

Tilplambic  Acetate. 

in  which  a  group  of  three  atoms  of  lead,  soldered  together  by 
two  atoms  of  oxygen,  acts  as  a  bivalent  radical.  It  is  evident 
that,  theoretically,  any  number  of  multivalent  radicals  might  be 
united  in  this  way,  and  also  that  the  complex  radical  thus 
formed  will  have  a  quantivalence  easily  determined  by  esti- 
mating the  number  c  f  bonds  which  remain  unsatisfied ;  but, 
practically,  the  grouping  cannot  be  carried  to  a  very  great  ex- 
tent^ for  the  stability  of  the  radical  diminishes  with  its  com- 
plexity, and  a  condition  is  soon  reached  when  it  can  no  longer 
sustain,  if  we  may  so  express  it,  its  own  weight.  Moreover, 
while  some  radicals,  like  the  atoms  of  lead,  copper,  mercury, 
and  iron,  an;  prone  to  group  themselves  in  this  way,  the  larger 
number  show  but  little  tendency  to  this  mode  of  union. 

The  symbols  of  these  acetates  may  also  be  written  on  the 
dualistic  type,  which  represents  them  as  compounds  of  plumbic 
oxide,  PbOy  and  acetic  anhydride,  C^H^O^     We  have,  then, — 

PbO,  CMO^        and        3PbO,  C^H,,0^  [52] 

Neutral  Plumbic  Acetet«.  Trl|;>luinble  Acetate. 

and  we  may  thus  best  illustrate  the  important  fact  that  tlie 
second  com[)ouud  is  prepared  by  combining  with  the  tirst  an 
additional  quantity  of  plumbic  oxide. 

It  will  appear  on  reviewing  the  symbols  of  the  acids,  ba^es, 
and  salts  given  in  this  section,  that,  in  by  far  the  greater  num- 
ber, the  two  parts  of  the  molecule  are  hehl  together  by  one  or 
more  atom«*  of  oxygen,  which  act  as  a  vinculum.  Such  com- 
pounds are  called  oxygen  salts,  using  the  wonl  salt,  as  is  fre- 
quently done,  to  stand  for  acids  and  bases,  as  well  as  for  the 
true  metallic  salts;  and  in  fact  they  all  belong  to  the  same 
type  of  chemical  com[)ounds.  Since  oxygen  plays  so  im)>or- 
tant  a  part  in  terrestrial  nature,  we  might  well  expe<*t  that 
these  oxygen  com(>ounds  would  hold  a  very  conspicuous  place 
in  our  chemical  science,  —  and  such  is  indeed  the  fact.  Dur- 
ing the  dualistic  period  the  study  of  chemistry  wa.-*  almost 
wholly  confined  to  the  oxyjren  compounds,  aiid,  even  now, 
they  occupy  by  far  the  largest  share  of  u  cheini^t*a  attention. 
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There  is,  however,  anotlier  element,  namelj,  sulphur,  which 
is  capable  of  filling  the  place  occupied  by  oxygen  in  many 
of  iu  compounds,  and  thus  may  be  formed  a  distinct  class  of 
bodies  which  are  called  sulphur  salts.  These  compounds  are 
not  nearly  so  numerous  as  the  oxygen  salts,  and  have  not  been 
so  well  studied,  so  that  a  few  examples  will  be  sufficient  to 
illustrate  their  general  composition,  and  the  relations  which 
they  bear  to  the  corresponding  oxygen  compounds. 


Oxygen  Salts. 
H-O-H 

Water  or  Ujdrie  Add. 

KrO'H 

FotMde  Uydrftta. 

K^-OfOO 

FotMtidK;«rboiiiite. 


Sulphur  Salts, 
H-S-H 

Solphohydric  Add. 

K'S'H 

FoteMic  Sulphohjdmte. 

K^^SfCS 

FutMtic  Sulphooubonate. 


89.  Test'Papers,  —  The  soluble  bases  and  acids,  when  dis- 
solved in  water,  cause  a  striking  change  of  color  in  certain 
vegetable  dyes,  and  these  chara(;teristic  reactions  give  to  the 
chemist  a  ready  means  of  distinguishing  between  these  two 
important  classes  of  compounds.  The  two  dyes  chiefly  used 
for  this  purpose  are  turmeric  and  litmus,  and  strips  of  paper 
colored  with  the  dyes  are  employed  in  testing.  Turmeric 
paper,  which  is  naturally  yellow,  is  turned  brownitih  red  by 
bases,  while  litmus  paper,  which  is  naturally  blue,  is  turned 
red  by  acids,  and  in  both  cases  the  natural  color  is  restored  by 
a  compound  of  the  opposite  class. 

If  to  a  solution  of  a  strong  base,  like  sodic  hydrate,  we  add 
slowly  and  carefully  a  solution  of  a  strong  acid,  like  sulphuric, 
we  shall  at  la<t  reach  a  condition  in  which  the  solution  affects 
neither  test-paper,  and  it  is  then  said  to  be  neutral.  On  evap- 
orating this  solution  we  obtain  a  neutral  salt^  like  sodic  sulphate, 
and  the  presence  in  the  solution  of  the  slightest  excess  of  acid 
or  base  beyond  the  amount  required  to  form  this  salt  would 
have  been  made  evident  by  the  test-papers.  In  such  cases,  we 
may  therefore  use  these  test-papers  to  distinguish  between  acid, 
basic,  and  neutral  salts,  but  only  with  great  caution ;  for  we  find 
that  when,  as  in  aci(l-carl)onate  of  soda,  a  strong  base  is  asso- 
ciated with  a  weak  acid,  the  reaction  is  still  basic,  although 


90  BASES^  ACIDS,  AND  SALTa 

the  acid  maj  be  greatly  in  excess^  and,  on  the  other  hand, 
when,  as  in  cupric  sulphate,  a  weak  base  has  been  associated 
with  a  strong  acid,  the  reaction  maj  be  strongly  acid  even  in 
the  basic  salts.  The  explanation  of  these  apparent  anomalies 
is  to  be  found  in  the  fact  that  these  colored  reagents  are  ull 
salts  themselves,  and  the  reactions  examples  of  metathesis. 
The  coloring  matter  of  these  dyes  is  an  acid  which  varies  its 
tint  according  as  the  hydrogen  atoms  have  or  have  not  been 
replaced ;  and  when,  for  any  reason,  the  acid  or  base  of  the  salt 
examined  is  not  in  a  condition  to  determine  the  nece.ssary  me- 
tathesis, the  characteristic  change  of  color  does  not  take  place. 

Unfortunately,  the  facts  just  stated  have  led  to  great  confu- 
sion in  the  use  of  the  words  *'acid*'  and  *' basic"  as  applied  to 
salts,  since  these  terms  sometimes  have  reference  solely  to  the 
number  of  atoms  of  hydrogen,  in  the  acid  or  base,  which  have 
not  been  replaced  iu  the  formation  of  the  salt,  and  at  other  times 
refer  to  the  reactions  of  the  salt  on  the  colored  reagents  just 
described.  A  confusion  of  this  sort  must  have  been  noticed  in 
the  names  of  the  three  phosphates  of  soda  on  page  85.  The 
80  called  neutral  phosphate  is  theoretically  an  acid  salt,  and 
the  basic  phosphate  a  neutral  salt,  but  the  salts  give  with  test- 
papers  the  reactions  which  their  names  indicate.  The  theo- 
retical is  the  only  legitimate  use,  and  the  one  we  shall  adhere 
to  in  this  book,  except  in  regard  to  names  of  compounds  which 
cannot  be  arbitrarily  changed. 

40.  Alcohols,  Fat  Acids,  EUien.  —  The  hydrocarbon  radicals 
mentioned  in  §  34  yield  a  very  large  number  of  compounds 
after  the  type  of  water,  which  are  closely  allied  to  the  hy- 
drates and  anhydrides  both  acid  and  basic,  just  described.  If 
one  of  the  hydrogen  atoms  in  the  molecule  of  water  is  replaced 
by  eitlier  of  the  univalent  basic  radicals,  methyl,  ethyl,  propyl 
dec,  we  obtain  a  class  of  compounds,  called  alcohols,  of  which 
our  common  alcohol  is  the  most  important.  On  the  other 
hand,  if  the  atom  of  hydrogen  is  replaced  by  one  of  the  uni- 
valent aci<l  radicals,  formyl,  acetyl,  propionyl,  iSca,  we  obtain  an 
important  class  of  acid  compounds,  of  which  acetic  acid  (vine- 
gar) is  the  best  known,  but  which  also  includes  a  large  number 
of  fatty  substances  closely  related  to  our  ordinary  fats.  Hence 
the  name  Fat  Acids,  by  which  this  class  of  compounds  is  gen- 
erally designated. 
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Basic  Hydrates  or  Alcohols. 

Methylic  Alcohol  (wood  spirits)  CH^O-H. 

Ethjlic  Alcohol  (oommon  alcohol)  C^HfOH. 

Propjlic  Alcohol  CJIfOH. 

ButyUc  Alcohol  C^H^-OK 

Amylic  Alcohol  (fusel  oil)  C^HyxOH. 

(With  six  others  already  known.) 

Acid  Hydrates,  Fat  Acids. 
Formic  Acid  EOCHO. 

Acetic  Acid  H-  0-  C^H^  0. 

Propionic  Acid  H-  0-  C^H, 0, 

Butyric  Acid  HO-  G^H^  0, 

Valerianic  Acid  H-  0-  C,H^  0. 

(With  fifteen  others  already  known.) 

If  now  we  replace  both  of  the  hydrogen  atoms  of  water  by 
the  same  basic  radicals  mentioned  above,  we  obtain  a  class  of 
compounds  called  ethers,  which  correspond  to  the  metallic 
oxides  or  basic  anhydrides;  and  if  we  replace  Ihe  two  hydro- 
gen atoms  by  the  corresponding  acid  radiails,  we  obtain  a 
similar  series  of  acid  anhydrides.  Lastly,  if  we  replace  one  of 
the  hydrogen  atoms  by  a  basic  radical,  and  the  other  by  an 
acid  radical,  we  ^et  a  class  of  compounds  also  called  ethers 
(but  distinguished  as  compound  ethers),  which  correspond  to 
tiie  salts. 

Examples  of  Anhydrides, 

1.  Simple  Ethers. 

Methylic  Ether  CRfO-Cff,    or  (CH^)i-0. 

Ethylic  Ether  (common  ether)  C^HiO-CiHi  or  (Ca^a)^^©. 

2.  Mixed  Ethers. 
Methyl-ethyl  Etiier  CH,-  0  -  C,ff,. 
Ethyl-amyl  Ether  C^H,-  0 -  C,Hn. 

3.  Compoand  Ethers. 
Acetic  Ether  aH,-  O-  C.H,  0. 

Butyric-metiiyl  Ether  CH^-  0  -  C^Hj  0. 

4.  Acid  Anhydrides. 
Acetic  Anhydride  C,^, O-O'C.H^O  or  ( C^R^ 0)^-0. 

Valerianic  Anhydride      C.H^OO-  c\h^  0  or  (  C:fl^  0)/  0. 
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Tk  poAiie  ntfieiky  of  wUdi  die  micolwb  consist,  hold  an 
poation  between  the  strong  b^ac  raifiGals  on  the 
famd,  mad  the  strong  acid  nvlicab  on  the  other,  and  the 
k  tme  of  the  akobob  themselTes^  which  hold  a  middle 
plaee  between  the  strong  bnsic  and  the  strong  acid  hydrates. 
Una  K$  indicated  bj  the  IbQofwing  reactions ;  in  what  way  it  is 
left  to  the  student  to  inquire. 

41.  GifcoU. — The  class  of  hTdrate»  described  in  the  last  sec- 
tion belong  to  the  simple  type  of  water.  Bat  we  hare  also  a  class 
of  analogoos  compounds  bekxiging  to  the  type  of  water  doably 
condensed.  If  in  the  double  molecale  of  water  (HrU^'^H^)  we 
leplace  oue  of  the  pain  of  hydrogen  atoms  by  either  of  the 
bivalent  positive  radicals,  ethylene,  propylene*  butylene,  dec, 
we  obtain  a  series  of  compounds  doeely  resembling  the  alco- 
hols, called  g1yiH>ls  and  by^  substitutiag  the  related  negatire 
radicals  we  i>btaiii  two  series  of  add  hydrates^  which  stand  in 
the  same  relatiiHi  to  the  glycols  that  the  £it  adds  bear  to  the 
alcohols.  These  relations  are  shown  in  the  following  scheme, 
which,  however,  includes  onlr  the  five  first  members  of  each 
of  these  three  series  of  compounds.  It  shouM  be  iH>tice»l  in 
this  connection  that  each  of  the  hiraUni  pnsitf're  radicriU  yields 
two  related  metfofire  radicals,  while  the  Mnini/m/  pofttire  radi- 
cals of  the  la>t  section  wW  onlv  one  >uch  negative  radical ; 
and  moreover  that  the  acids  in  the  first  series^  although  dia- 
tomic, are  onlv  roonoha^ic,  while  those  in  the  second  series  are 
both  diat<»n)io  and  dibasic  (4^^). 

r  //,  n  H.  K^  O  C.NM  By  (V  r  (), 

C/Z  O  H,  Hi <v c.n.o  Hi O; rHA\ 

r>ur?  '*•<  Gi« cc4.  l,.M«r  JUM.  )Uii«w  JU*4. 


C,//.  O  H^  H^.  0{  C,H,  n  H.'  O,'  CJI,  Ot 

m  Cljeoi.  OdKyW^m  JUa4.  SMCtntc  Acid. 


C,//, :  Oj H,  H,'  (h  Cy H.  O  H,  f  >,  C, //,  (>, 

AmjbK  ii,jtU.  Viiiwiiriii  Ac^  TyrmimriK  And. 


C,ff^O:H,  H,'0,'r,H,.0  H,'\'Cj/,Ot 
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Corresponding  to  these  basic  and  acid  hydrates  we  have 
also  been  able  to  obtain  in  several  cases  the  basic  and  acid 
anhydrides,  besides  a  very  large  number  of  compound  ethers. 

42.  Glycerines  and  Sugars,  —  In  the  alcohols  one  hydrogen 
atom  from  the  original  typical  molecule  (typical  hydrogen)  re- 
mains undisturbed.  In  the  glycols  tlTere  are  two  such  hydro- 
gen atoms,  and  hence  these  compounds  are  frequently  called 
diatomic  -alcohols.  Our  common  glycerine  is  a  triatomic  alco- 
hol, and  may  be  regarded  as  formed  from  a  mohfcule  of  water 
trebly  condensed  {H^O<fH^)yhy  replacing  one  of  the  groups  of 
hydrogen  atoms  with  the  trivalent  radical  glyceryl  (  C^H^)*  It 
is  probable  that  a  large  number  of  triatomic  alcohols  or  glycer- 
ines may  hereafter  be  obtained,  but  only  two  are  now  known. 

Propylic  Glycerine  (common  glycerine)  MfO:^C^Hy 
Amylic  Glycerine  H^^O^CJI^. 

From  the  glycerines  we  may  derive  acids,  anhydrides,  and 
compound  ethers,  bearing  to  each  other  the  .same  relations  as 
those  derived  from  the  alcohols  of  a  lower  order,  but  only  a 
few  of  the  possible  compounds  which  our  theory  would  foresee 
are  yet  known.  The  natural  fats  are  compounds  of  glycerine 
with  the  fat  acid^,  and  it  is  probable  that  our  common  sugars 
are  likewise  derived  from  alcohols  of  a  still  higher  order  of 
atomicity. 

43.  Atomicity  and  Basicity  of  an  Acid,  —  By  (he  otom- 
icity  of  a  compound  is  meant  the  number  of  hydrogen  atoms 
which  it  retains  from  the  original  typical  molecule  still  unre- 
placed,  and  the  use  of  this  term  with  reference  to  the  basic 
hydrates  has  been  already  abundantly  illustrated  in  this  chap- 
ter. In  the  case  of  the  acids  a  distinction  must  be  made  be- 
tween atomicity  and  basicity,  which  is  frequently  important^ 

The  formula  of  every  acid  may  be  written  on  the  type  of  one 

or  more  atoms  of  hydrochloric  acid,  as  //J,  7?°,  in  which  //"„  stands 

for  the  replaceable  atoms  of  hydrogen,  and  i?°  for  all  the  rest 

of  the  atoms  of  the  molecule,  which  may  be  regarded  as  forming 

a  radical  with  an  atomicity  equal  to  the  number  of  replaceable 

I  n  in 

hydrogen  atoms.    The  symbols  H-NO^  HfSO^  HfPO^  are 
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written  on  this  principle.  In  each  case  the  acid  is  said  to 
have  the  atomicity  of  the  radical  The  basicity  of  the  acid, 
on  the  other  hand,  depends,  not  on  the  total  number  of  replace- 
able hydrogen  atoms,  but  on  the  number  which  may  be 
replaced  by  metaUie  atoms  or  boiic  radicals.  As  a  general 
rule,  it  is  true  that  the  4>asicity  is  the  same  as  the  atomicity, 
but  this  is  not  always  the  case.  Thus  lactic  acid  is  diatomic 
but  monobasic,  and  the  same  is  true  of  the  other  acids  homol* 
ogons  with  it  (page  92). 


&,H'{C,H,0,)   Na,  H-(C,H,0,)    NaACjH,by{C,Hj),) 


FoteMie  EUijrl-lMteto.  DUChyUe-laeteU. 


Only  one  atom  of  hydrogen  can  be  replaced  by  a  metallic 
radical,  but  a  second  may  be  replaced  by  either  a  negative  or 
an  alcoholic  radical,  as  in  the  last  three  symbols,  and  in  desig- 
nating the  atoms,  thus  differently  related  to  the  molecular  struc- 
ture, it  is  usual  to  call  the  first  basic  and  the  other  alcoholic 
hydrogen. 

We  might,  in  like  manner,  distinguish  between  the  atomicity 
and  the  acidity  of  a  base,  but  this  distinction  has  not  been  found 
as  yet  to  be  of  practical  importance. 

44.  Water  of  Crystallization.  —  Among  the  most  striking  char- 
acteristics of  the  class  of  compounds  we  call  salts  is  their  sol- 
ubility in  water  and  their  tendency  on  separating  from  it, 
in  consequence  of  either  the  evaporation  or  the  cooling  of 
the  fluid,  to  assume  definite  crystalline  forms.  These  crys- 
tals, as  a  general  rule,  are  complex  crystalline  a^rgregates  of 
molecules  of  the  salt  and  molecules  of  water.  The  water  is 
held  in  combination  by  a  comparatively  feeble  force,  and  may 
be  generally  driven  off  by  exposing  the  salt  to  the  tempt* rature 
of  100®  C,  when  the  crystals  fall  to  powder.  Sometimes  it  es- 
capes at  the  onlinary  temperature  of  the  air,  when  the  crystals, 
as  before,  fall  to  powder  and  are  said  to  effloresce  It  thus  evi- 
dently appears  that  the  water,  although  an  essential  |)art  of  the 
crystalline  structure,  is  not  inherent  in  the  chemical  molecule, 
and  hence  the  name  Water  of  Crystallisatioii.    The  presence  of 
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water  of  crystallization  in  a  salt  is  expressed  by  writing  after 
the  symbol  of  the  salt,  and  separated  from  it  by  a  period,  the 
number  of  molecules  of  water  with  which  each  salt  molecule 
is  associated.     Thus  we  have 

FeSO^JH^  O  JVflTj  00^  1 OH^  0 

CiTftanixed  Ferrous  Sulphate  or  Green  Vitriol.       CiyittlUzed  Sodlc  Carbonate  or  Sal  Sod«. 

The  same  salt,  when  crystallized,  at  different  temperatures 
not  unfrequently  combines  with  different  amounts  of  water  of 
crystallization,  the  less  amounts  corresponding  to  the  higher 
temperatures.  Thus  manganous  sulphate  may  be  crystallized 
with  three  diffei'ent  amounts  of  water  of  crystallization.  We 
have 

MnSO^JH^O  when  crystallized  below  &"  C. 
MnSO^.bHfi      "  »*  between  7="  and  20°. 

MnSO^.AHfi      "  "  between  20*^  and  80°. 

The  crystalline  forms  of  these  three  compounds  are  entirely 
different  from  each  other ;  and  this  fact  again  corroborates  the 
view  that  the  molecules  of  water,  while  a  part  of  the  crystalline 
structure,  are  not  a  part  of  the  chemical  type  of  the  salt.  It 
will  be  well  to  distinguish  the  molecular  aggregate,  which  the 
symbols  of  this  section  represent,  from  the  simpler  chemical 
molecules  by  a  special  term,  and  we  propose  to  call  them  crys- 
talline molecules.  While,  however,  there  is  little  room  for 
difference  of  opinion  in  regard  to  the  relations  in  which  the 
molecules  of  water  stand  to  the  structure  of  most  crystals,  there 
are  cases  where  the  condition  is  apparently  far  less  simple,  and 
where  we  find  the  water  so  firmly  bound  to  the  salt  itself  that 
it  seems  to  form  a  part  of  its  atomic  structure. 

Questions  and  Problems* 

1.  Analyze  reactions  [42].  Show  what  is  meant  by  a  metallic 
hydrate,  and  define  the  term  alkali.  Write  the  similar  reactions 
which  may  be  obtained  with  lithium,  caesium,  and  rubidium.  Name 
in  each  case  the  class  of  compounds  to  which  the  factors  and  pro- 
ducts belong.     Also  represent  these  reactions  by  graphic  symbols. 

2.  Analyze  reactions  [43].  State  the  distinction  between  an 
alkaline  earth  and  an  alkali,  and  write  the  similar  reactions  which 
may  be  obtained  with  barium  and  strontiam.    Name  in  each  case 
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the  class  of  compounds  to  which  the  factors  and  products  belong. 
Also  represent  the  reactions  by  graphic  symbols. 

8.  Analyze  reactions  [44]  and  [45],  and  write  the  similar  reac- 
tions which  may  be  obtained  with  either  of  the  metals,  calcium, 
strontium,  barium,  and  magnesium.  What  theory  of  the  constitution 
of  the  metallic  hydrates  do  these  reactions  suggest  V 

4.  In  what  respects  do  the  hydrates  Ca-0^-  //,  and  Mg  =0,=  //, 
differ  from  K-O-H  and  Na-O-H  ? 

5.  Analyze  reactions  [46],  and  show  that  the  principal  products 
most  be  reganled  as  hydrates.  Name  the  class  of  compounds  to 
which  the  other  products  and  factors  belong. 

6.  State  the  third  theory  which  is  held  in  regard  to  the  constitu- 
tion of  the  hydrates,  and  write  the  symbols  of  the  different  hydrates 
according  to  this  view.  Also  bring  these  symbols  into  comparison 
with  those  of  the  same  compounds  written  aher  the  other  two  plans, 
and  show  by  means  of  graphic  symbols  how  far  these  forms  are  arbi- 
trary, and  how  far  they  represent  fundamental  differences. 

7.  In  what  sense  may  the  solution  of  ammonia  gas  in  water  be 
regarded  as  an  hydrate  ?  Write  reactions  [46],  using  ammonic  hy- 
drate instead  of  the  hydrates  of  sodium,  potassium,  and  barium. 

8.  In  what  relation  do  the  metallic  oxides  stand  to  the  hydrates  ? 
Define  the  term  hose. 

9.  Define  the  term  salij  and  illustrate  your  definition  by  examples. 

10.  Define  the  term  acid.  How  does  an  acid  differ  from  a  me- 
tallic hydrate  ?  Is  an  acid  necessarily  an  hydrate  ?  What  two 
classes  of  acids  may  be  distihguished  ? 

11.  What  is  the  distinction  between  an  acid  and  a  basic  radical. 
How  are  they  related  to  the  two  hydrogen  atoms  of  water?  As- 
suming that  there  is  no  difference  between  these  two  atoms  in  the 
original  molecule  of  water,  does  not  the  replacement  of  one  of  tlie 
atoms  by  a  radical  of  either  class  alter  the  relations  of  the  second  V 
Is  there  not  an  analogy  between  these  phenomena  and  those  of 
magnetism  ? 

12.  Analyze  reactions  [47  et  seq.],  and  point  out  the  evidence  of 
acidity  in  each  case. 

IS.  Analyze  the  following  reactions. 

K'O-H    +HF  =  KF  +IftO 

Ca-O/H,  +  H,'0/CO  =  Ca-O/CO        +  2H,0 
Cu'Oj'Bt+  2H'0'N0t  =  Ci*-Og-(iV^O,),  +  2H,0 
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Nad     +  Hj-O/SO-,  =   S,iVa=0,'S0,4-IIl'31 

2JfaCl  +  n^O^SO,  =  Na,-Oi-SO^      +  2IIIi3l. 

Poiot  out  the  different  acids  and  boieg.  In  what  does  tUe  eTldenee 
of  their  acidltj  or  bsaiuit]'  appear  either  in  these  or  in  reactions  pre- 
viously giren  V  Show  in  each  case  hon  the  replacement  of  the  hy- 
drogen alooB  is  obtUDcd,  and  iUustrate  the  difference  between  the 
hydrogen  aloms  uf  an  acid  and  those  of  a  base.  What  two  clause* 
of  acids  may  be  distinguished  'i* 


you  di 

15.  Represent  the  composition  of  nitric:,  aulpburic,  and  phoaphoric 
acid  by  graphic  symbuls,  and  aho»  that  the  two  modes  of  writing 
their  symbols  embody  essentially  the  same  idea. 

16.  nydrochlorii;  acid,  acetic  acid,  nitric  acid,  hydriodic  acid,  hy- 
drobroroic  acid,  sulphuric  acid,  carbonic  acid,  and  phoRpboric  acid 
have  what  basicity  ?  Point  out,  in  the  various  reactions  given  in 
thig  chapter,  the  evidence  in  each  case,  and  write  the  iymbola  of  the 
possible  sodic  salts  of  the  different  acids. 

17.  What  class  of  compounds  do  the  symbols  SO,,  N,0,,  Pfit, 
CO^  and  SiO,  reprtsent  V  By  a  comparison  of  symbols  show  how 
these  compounds  may  be  n?gardcd  as  formfd  from  water,  and  how 
they  are  related  to  the  corresponding  acids.  To  what  class  of  com- 
pounds do  they  stand  in  direct  antithesis  ? 

18.  Define  the  terms  ba^c  and  acid  hydrate ;  basic  and  acid  an- 
hydride, and  compare  reactions  [43]  with  [44  and  45], 

19.  Analyze  the  reaction,  BaO  •+-  SO,  =■  BnO,  .SO,. 

What  reason  may  be  urgeil  tbr  writinrr  the  cymbol  of  brtric  sulphate 
in  this  way  V  What  was  the  theory  of  the  dualistin  system  in 
regard  to  such  com|K)unds  ?  Represent  the  symbol  by  the  grapliic 
method,  and  seek  to  determine  whether  the  dualistic  form  is  compat- 
ible with  the  theory  of  molecular  unity. 

20.  The  following,  symbols  represent  compounds  of  what  class? 
H-OHi   Hr^O^POiF^OiH^;    2ff(H0)i   (P0,]./0: 
K-O-H;    (70=0//?,!  GiH,-0-H:2Na-0-H.  {C,H^O)fO; 

C<v0ttSi;K-ONOj;(Ct/f»),'O;  Na^=0^-SOt:  0,3,0-0^^,0. 
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Give  in  each  cue  the  ntime  of  the  compound  k  fiu-  as  yoa  are  Ma 
to  infer  it  Trom  examples  prerlously  giveo,  and  show  bow  the  sym- 
bol is  related  to  that  of  water. 

21.  Point  out  tbe  acid  basic  and  neutral  salts  among  the  com- 
potinds  represented  b;  the  following  symbol* :  — 

S,Na'0^'CO  ff,K-0,'{C,Ot)  {Hff-O-Hg-OHgYOfSOt 

Xa,-0,'CO  KfOi{C,0,)  [Sff-ffffyOf(NO^)^ 

S^C<n  OjiSi  Cu'0,'(JVO,),  If  [F>rFe]iO^SO,), 

Jii'0,^(NO,),  H^       Hj.  K'  OM*  AV  0,K  SO,  OSO,). 

Wbat  two  cia*ses  of  basic  Mils  may  be  diBt]ngiiiBhi<d  ?  Convert  tbe 
symbols  into  the  dualtstie  form. 

!2.  Analyxe  reaclioni  [49  and  60],  and  show  how  far  they  justify 
the  doalistic  form  given  to  the  symbols.  Bepreaent  the  same  reao- 
tions  in  tba  graphic  tbrm. 

S3.  What  claiB  of  compounds  do  the  following  symbols  represent'/ 
As,iS^       Aff-S-SbS       Ca-S/J/^ 

Wrile  the  symbols  of  the  corretpanding  oxygen  componnds. 

24.  Explain  the  theory  of  the  colored  test  papers,  and  the  use  of 
the  terms  acid  and  basic  in  connection  with  them.  Tu  what  confu- 
sion does  the  doable  meaning  of  these  terms  sometimes  kid  ? 

25.  The  memben  of  the  «eHi«  of  alcohols  stand  id  what  relation 
to  each  other  'f  Does  the  same  relation  exist  between  the  members 
of  the  serii-s  of  fat  ocidii.  glycols.  &c.  ?  Find  a  general  aymbol, 
which  will  represent  the  compuaitlon  of  each  of  these  clasaca  of  com- 
pounds. 

si;.  In  what  n-lstions  do  the  alcohols  Mand  to  the  fat  acids,  and  the 
glycols  to  the  acids  derived  from  them  ? 

ST.  Select  eiamplM  from  each  of  the  clntocs  of  eompoundi  de- 
•cribed  in  wclions  40,  41,  and  43,  and  bring  the  symbob  into  com- 
pariaon  with  tliowi  of  soma  simple  hydrate  or  anhydride  with  which 
ihcy  uactly  correapond. 

II*.  We  are  ftcqnainled  with  a  claas  of  coinpounils  known  as  con- 
deated  glycols,  one  of  which  has  the  following  symbul :  • 

{CAO-OtB,-0'C^,yO,-ffr 
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To  what  class  of  salts  duec  this  correspond  ? 

29.  JadgjDg  Irom  the  foUowing  lymboli  of  a  few  of  the  salts  of 
tartaric  acid,  vhat  conclusion  should  you  reach  in  regard  to  the 

atomicit}'  and  basicity  of  this  acid  '! 

( C.Jh)„  H,tO,^{  C,Ji^ 0,) ;        ( C^,)^  ( C,ff,0)^0<i{ C,ff, 0,) 

30.  ^fliat  is  the  ntomicity  and  bofiicity  of  tbe  different  acids 
whose  symbols  have  been  given  id  iLJa  chapter  ?  Does  the  basi- 
city of  tlie  diffKrent  hydrocarbon  acids  (§  40  to  §  43)  appear  lo 
have  any  coDDectioa  with  the  number  of  oxygen  atoms  in  the  rad- 
ical? 

SI.  How  do  you  explain  the  state  of  combination  of  tbe  water 
which  enters  into  the  coniposition  of  most  crj'stalline  salts?  Show 
by  an  example  how  this  mode  of  combination  is  represented  sym- 
bolically. What  facta  may  be  adduced  in  support  of  the  opinion 
that  the  molecules  of  water  ore  not  a  part  of  tbe  chemical  type  of 
the  salt. 

—  Should  tbe  teacber  tliink  it  best  to  introdnce  in  this 
1  definitions  of  the  several  compounds  formed  after  the 
type  ofammoniaftaa,he  will  find  them  given  in  sections  1G6  to  171 
of  Part  U.;  and,  if  be  finds  it  necessary,  he  should  dwell  more  at 
length  OQ  the  acids  and  salts  of  the  type  of  hydrochloric  acid  than 
haa  been  thought  necessary  in  this  chapter. 


45.  Origin  of  Nomtnclat tire.  —  Previous  lo  tlie  year  1787 
ibe  nauiea  givi^a  lo  i:li<:inii.'al  compounds  were  nol  conturmei]  lu 
any  gencml  rules  \  and  miiny  of  lliese  olil  names,  such  as  oil  of 
vitriol,  ealomd,  eorro$ivt  tu&llmate,  red  preciyiliUe,  ta/Jprfrt, 
$al-toda,  borax,  erenm  of  tartar,  Glau&er't  and  Epsom  sails,  arc 
eiill  rcUiined  in  common  use.  As  chemical  ecii^ncc  advnnoed, 
and  the  nuinl>er  of  known  subsianoea  increa-*d,  it  became 
important  to  adopt  a  sci<-nlific  nomenclature,  and  the  system 
wliich  came  into  u^e  \cm  due  almost  entirely  to  Lavoisier,  who 
reported  lo  iho  French  Academy  on  the  subject,  in  behiilf  or  a 
committee,  in  the  year  named  above.  In  the  Lnvoieicrian 
nomenclature  the  name  of  a  substance  was  maile  to  indicate  its 
composition  :  and  at  the  lime  of  its  adoption,  nnd  for  fifty  years 
after,  it  wa«  probably  the  most  perfect  nomenidature  whirh 
any  science  ever  enjoyed.  It  was  bnicd,  Imwever,  on  the 
dualislic  theory,  of  which  Litvoi'ier  wn*  the  father;  ami.  when 
nt  l&«l  the  science  nut<^ew  thix  theory,  the  old  names  lust  much 
of  their  »igniflc*ncc  and  appropriateness.  Within  the  In^t  few 
ycjirs  thu  English  chcmiiis  have  attempted  to  modify  the  old 
nomonclalnre  so  a«  to  better  adapt  the  names  to  our  mo'leni 
ideas,  tin  furl  unntely  the  result,  like  mont  nttnrapls  lo  mend  a 
worn-out  fnimiiTnt,  is  far  from  Mii^ikciory,  although  it  is  prob- 
ably the  best  which  under  the  circum  ■lance'  could  be  attained. 
Tin;  new  nomenclature  has  not  th«  simpticiiy  or  uniiy  of  the 
old,  and  it*  rule*  cannot  I>g  mods  int<'lli}cible  untd  tlio  student 
i*  more  or  lesa  acquaint^  with  tlic  modoi-a  chemical  thwrie*. 
Fortunately,  however,  the  admirable  sy-iem  of  chemical  •ym- 
bols  supplies  tfae  defects  of  the  nomenclature,  and  for  many 

>  In  itnilylDK  <h[*  chiptpr.  tfao  ituitenl  U 
DOfTpipondl'ng  In  Uia  dilTertnl  lymliuU,  ai 
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purposes  may  be  used  in  its  piaee.  We  have,  thfirefore,  devel- 
oped this  system  Grsil,  but  have  ulio  u«ed,  meannhile,  the  corre- 
sponding scieniifie  names,  so  that  ibe  student  might  become 
familiar  with  the  nonmnclaturo,  and  gather  its  rulea  as  he 
advanced.  A  briel'  Bummarj  of  these  rules  is  all  that  will  be 
necessary  here. 

46.  Names  of  Elements.  —  The  names  of  the  elements  are 
not  conformed  to  any  fixed  rules.  Tho^e  which  were  known 
before  1737,  such  as  sulphur,  phosphorus,  arsenic,  antimony, 
iron,  gold,  and  the  other  useful  metaU,  retain  their  old  names. 
Several  of  the  more  recently  discovered  elemenla  have  been 
named  in  allusion  to  ^ome  promineui  property  or  some  circum- 
stance connected  with  iheir  history:  as  oxygen,  fi-om  ofur 
ytnaa  (acid -generator)  ;  hydrogen,  from  uSuip  ytnoa  (waier- 
generalor)  ;  chlorine,  from  j^Xupdt  (green) ;  ivJine,  from  lailft 
(violet)  ;  bromine,  from  (Spifiot  (fetid  odor).  The  names  of  the 
newly  discovered  melaU  have  a  common  termination,  um,  aa 
polamum,  sodium,  plaiitium ;  and  (he  namef  of  several  of  ibe 
newly  discovered  metalloids  end  in  t«e.  as  chlorine,  br<rmin«, 
iodine,  fiaorine.  Equally  arbitrary  names  have  been  given  to 
tbe  compound  radicals;  but.  with  a  few  exceptions,  they  all 
terminate  in  yl  or  ene,  as  ethyl,  acetyl,  hydrojryl,  and  ethylene, 
acetylene,  &c. 

47.  Names  of  Binary  Compound*.'  The  simple  compounds 
of  the  elements  with  oxygen  are  called  oxides,  and  the  specific 
names  of  the  different  oxides  are  formed  by  placing  before  the 
word  "oiide"  the  name  of  the  element,  but  changing  the  termi- 
nation into  ic  or  oiis,  to  indicate  different  degrees  of  oxidation, 
and  using  the  Latin  name  of  the  element  in  preference  to  the 
EngUsh,  both  for  the  sake  of  euphony  and  in  order  lo  secure 
more  general  agreement  among  different  languages.  When 
the  same  element  unites  with  oxygen  in  more  than  two  pro- 
portions, the  Greek  numeral  prefixes,  di,  tri,  telra,  penta,  &&, 
are  added  to  the  word  "  oxide,"  in  order  to  indicate  the  addi- 
tional degrees.  Formerly  these  compounds  were  called  ox- 
ides of  tbe  diSerent  elements,  the  degrees  of  oxidation  being 
indicated  solely  by  the  prefixes ;  and,  as  the  oM  names  are  still 
in  very  general  use,  they  are  also  given  to  the  fullowing  ex- 
amples:— 

>  Componudi  of  two  elcmsnU. 
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New  Nama. 

Old  Names. 

AffO 

tt 

Argentic  Oxido 

or     Oxide  of  Silver 

JV,0 

" 

Nitrow  Oxido 

NO 

u 

Nilric  Oxide 

•     Deuloside  of  Nitn^en 

NO, 

" 

Nitric  Mojtide 

■      Perojdda  of  Nltrogon 

FtO 

FtiiTons  Oxido 

"      Prohixi>]a  of  Iron 

F^O, 

" 

Ferric  Oxido 

»     Sesquioxide  of  Iron. 

An  exceptioD  to  the  nbove  rales  h  sametimes  taade  In  the 
case  of  liioae  oxides  which,  when  combined  with  the  olem(^nt« 
of  water,  fonn  acida-  A«  has  been  already  elated,  [luge  8.5, 
such  CDm|)Ounde  are  called  aiiliydrideii,  bu[  the  degrees  or  oxi- 
datioo  ore  disUnguighed  as  before,  thua :  — 


New  Namn. 

Old  Namet. 

SO^    u 

SO,    - 

Sulphuric  Anhydride 

"    Sulphuric  Acid 

N.O." 

Nitrous  Anhydride 

"    Nitrous  Acid 

NA" 

Nitric  Anhydride 

"    Nitric  Acid 

P.O.  " 

Phoephoroiw  Anhydride 

P,0,  " 

Phosphoric  Anhydride 

"    Phosphoric  Acid 

CO,    " 

Carbonic  Anhydride 

"    Carbonic  Acid 

SiO.  " 

Klicio  Anhydride 

"    Silicic  Acid, 

Thfi  DMDM  in  cotnnKm  u«e,  even  among  chemistd,  of  the 
earths,  the  alkaline  earths,  and  the  alkaline  oxides,  make 
another  important  exception  to  the  general  rules  given  above, 


At,0,  Alnnuniu  Oxide  is  c 

BaO  Baric  Oxide 

SrO  SlroBtic  Oxide   " 

CaO  CJcic  Oxide 

lUiiO  Maifoauc  Oxide  ** 

K,0  PoUmk  Oxida     " 

Na,0  Soilic  Oxide        " 


imonly  called     Alnmina 
•■  »         BaryU 

"  "         Strontia 


Soda. 


As  this  last  elHM  of  oxides  stands  in  the  same  ndation  to  the 
ba*es  in  whirh  the  previou!)  chiM  Biunils  to  the  acids,  ihey  have 
also  been  eall'id  by  sonw  rhemi»t«  anhydride*. 

The  nnmes  of  ihe  binury  compounds  <if  tho  other  ulemenU 
are  formed  like  thorn  of  the  oxides. 
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called     ChlorWes 

"           "    Bromine         " 

Bromirfa 

■■           "    Iodine 

lodWe. 

■•   Fluorine       " 

Fluoriifc. 

"           "    Sulphar 

Sulphirfat 

"    Nitrogen 

Nitrii/M 

"   Phosphofua  •■ 

Ph0Bph<</« 

"    Arsenic 

"        Arsenu/e* 

"          •'    Antimony      " 

'■    Carbon 

Curbonide*. 

Moreover,  the  specific  names  of  ll 

e  several  compounds  also 

follow  the  analogy  of  the  oxides,  tlius 

:  — 

Neto  Namet. 

Old  Namet. 

SnCl^     a     Stannoua  Chloride     or 

Prolochloridu  of  Tin 

SnCl^     "     Stannic  Chloride         " 

Perthloriiie  of  Tin 

Fe,S      "     DifeiToua  Sulphide     « 

FeS        "     Ferrous  Sulphide        " 

Protosulpbide  of  Injn 

Fe^,     "    Feme  Sulphide 

Seajuisulphide  of  Iron 

FtSt      "    Ferric  Diaulphide       " 

Bisulphide  of  Iron 

CaFl,   "    Calcic  Fluoride 

Fluoride  of  Calcium. 

Here,  again,  must  he  noticed  eeverat  exceptions  to  tbe  gen- 
eral  rale.  Several  simple  compounds  of  the  elements  with  hy- 
drogen, of  which  the  hydrogen  is  easily  replaced  wiUi  a  metal 
or  positive  radical,  are  called  acids,  and  retain  the  specilic 
names  of  tbe  old  noinenclBture,  thus :  — 

HCl  or  Hydric  Chloride  is  called  Hydrochloric  Acid 

HBr  "  Hydric  Bromide  "      "  Hydrohromic  Acid 

HI  "  Hydric  Iodide  "      "  Hydriodic  Acid 

UFl  "  Hydric  Fluoride  "      "  Hydrofluoric  Acid 

H,S  "  Hydric  Sulphide  "      "  Hydros ulph uric  Acid. 

The  last  compound  is  frequently  called  also  sulphuretted 
hydrogen,  and  Beveral  other  hydrogen  compounds  are  named 
after  tbe  same  analogy,  while  others  again  are  always  called  by 
their  well-known  trivial  names,  thus  :  — 

Hffib  is  Antimoniuretted  Hydrogen 

H^f  "  Anieniuretted  Hydrogen 

BJ*  "  Phoephuretted  Hydrogen 

n,N  "  Ammonia  Gas 

Hfi  "  Mar»h  Gas  or  Light  Corburetted  Hydrt^en 

ff,C.  "  Olefiant  Gas  or,  as  a  radical.  Ethylene. 
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48.  Ternary  Compounds.  —  OF  the  old  class  of  ternary 
compouiii^K,  ii  is  only  ibose  which  nre  formed  alY«r  the  typo  of 
walKr  for  wliich  the  rules  of  ilie  nomenclulure  need  at  present 
be  expluineil, 

49.  Baiti.  —  These  we  cull  eimply  hydrates,  and  for  the 
BpociRc  name  we  take  the  name  of  [be  {Kwilive  mdicul,  <'bung- 
iiig  the  tennmaiioD  into  ir  or  out,  and  usiag  such  jircGxci)  as 
circumstances  may  require,  thus:  — 

Nea  Natnet.  Old  Names. 

K-O-H  ii  Fotassic  ilvdral«  or  Ilydrate  ofPotasa 

Ca-0,-B,  "   Calcic  Hydrate      "  Hydrate  of  Lime 

Fe-OfH,  "    Femras  Hydra 

Fc^O^H,  "    Ferric  lIjJraM 

ZoiO^U,  Zircooic  Hydrate  or  Hydrate  o(  Zirconia. 

50.  Acid*. — The  inorganic  acids  all  take  their  specific  namea 
from  the  name  of  the  most  characteristic  element  of  the  nega- 
tive radical,  wliicii  n  mo<Ulied  by  terminations  and  prefixes  as 
before,  only  the  Inst  are  usually  Inken  from  the  Greek  rather 
than  the  Latin.     Here  the  old  and  the  new  names  coincide. 


H-O-NO, 
Ht'Of-SO, 
fffOfSO 
Ii,'Of(S-0-S) 


called  Nitric  Acid 

"  Sulphuric  Acid 

"  Sulphurous  Acid 

"  Hyponilpharon*  Aciil 


The  spedfio  names  of  the  organic  acids  are,  as  a  rule,  arhitrary, 
like  tartaric  acid,  citric  acid,  malic  acid,  gallic  acid,  uric  acid, 
wul  the  like. 

51.  Sttlu.  —  The  name  of  a  «all  is  formed  from  the  name 
of  the  add  from  which  the  uitt  i«  derived,  precudcd  by  the 
names  of  tliu  basic  rndicnU.  When  the  name  of  the  acid  end* 
in  ie  the  termination  is  rhnngcd  iTito  af^,  when  in  otu  Into  iU. 
Moreover,  the  terminations  out  and  iV  hk  rv'lained  in  coiinee- 
lioo  with  the  name  of  the  basic  radical,  and  such  prvBxea  are 
used  81  may  be  necewary  for  disii 
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Ca-Oi-CO 

Ca--Or(S-O-S) 


'  Calcic  Hyposulpliilf 

"  Baric  Sulphite 

'  Ferrous  Sulphate 

■'  Feniu  Sulphato 


Old  jVomej. 
.    ( CarboDalu  o{ 

I  Hyposulphite 
of  Lime 
( Sulphite  of 
I      Baryta 

)Proto9alpbate 
of  Iron 
i  Persulphate  of 
Irau 


'  AmraoDio-magneaic  Phosphate 


H.iNffJ,A-a^O,^PO  "  Hydro-aminoni<Modic  Phosphate. 

E,Na^O^PO  "  Hyiiro^isodic  Phosphate. 

H^  Ca^Ot^iPO),  «  TetrahydriMialL-w  Diphosphate. 

IiatOtB,Oi  "  Disodic  Tetraborate  (Borax), 

Note,  —  The  nilea  of  the  nomenclature  given  above  conform  to 
what  the  author  regards  as  tlie  be^^  present  use  among  chemists. 
There  is,  however,  an  important  departure  irom  the  more  general 
Die,  which  must  not  be  overlooked.  Several  Engllnb  auLhore,  who 
think  that  the  adjectives  derived  from  the  Latin  names  of  the  ele- 
ments, with  terminations  in  ic  and  out,  arc  not  in  harmony  with 
£nglish  idioms,  use  sueh  terms  as  Gold  Chloride,  SUver  Nitrate,  and 
Iron  Sulphate,  instead  of  Auric  Chloride,  Argentic  Nitrate,  and 
Flttous  Sulphate.  This  usage,  however,  appears  to  Ihe  writer  open 
to  equally  just  criticism,  besides  abridging  greatly  the  capabilities  of 
the  nomenclature,  which  is  full  of  similar  inrongruilies.  Nor  does 
he  sympalhise  with  the  same  class  of  writers  in  rejecting  the  word 
"  ai]hydride  "  as  a  part  of  the  name  of  a  substance,  on  the  ground 
dial  it  does  not  express  its  constitution,  but  only  a  mode  of  its  deri- 
raljon ;  for  a  siniiUr  obJMition  might  be  urged  with  vjtial  force 
against  the  term  I  "acid  "and  "hydrate."  Moreover,  he  hus  thought 
it  best,  in  a  work  designed  chiefly  for  instruction,  not  only  to  intro- 
duce TM  novelties,  but  alao  to  rtipresent  the  actual  usage,  so  &r  a« 
possible,  in  all  its  phni^es.  lie  would,  however,  ofTer  the  following 
suggestions  as  guides  to  the  strident  in  selecting  for  his  own  use  a 
more  uniform  and  consistent  system,  hoping  that  befi^re  long  some 
agreement  will  be  reached  among  chemists,  by  which  greater  i 
formity  may  be  secured.    He  would  rt 
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First,  that  llio  ttnninationB  ic,  oug,  ale,  and  ite,  with  tlie  modify- 
ing Greek  and  Latin  prefixes,  nbould  be  ugvd  so  far  as  pn«ible  to 
distingiiiiih  the  quantivalence  of  tlio  chief  mullivulcnt  radic^al  of 
the  com|>uuod.  Secoudly,  that  the  Greelt  nunu'ral  prcfixex  Ebould 
be  lued  whcji  neeesaary  to  indicate  the  number  of  atoms  of  any 
nuliciil  which  each  niolecide  of  such  compound  contains.  Tbirttly, 
that  in  forming  the  name  of  a  compound  it  >hould  be  the  great 
object  to  indicate  its  composition,  and  that  the  luc  of  such  terms  as 
acid,  bauc,  or  anhydride  as  parts  of  the  name  should  be  avoided, 
except  when  it  is  desired  to  laake  conspicuous  the  peculiar  chemical 
reUtioni  which  they  express. 

By  referring  to  iha  hst  of  sulphate*  on  |)a^  31B,  and  to  thy  list 
of  Bulpbitet  on  paj^  SIS,  the  student  will  find  ti;ood  examples  of  the 
application  of  theao  principles.  He  will  notice  that  ealtj  in  whii'h 
the  quanlivalenco  of  Eulphur  is  six  are  called  nilphites,  while  those 
In  which  it  is  four  are  called  snlphitos,  and  those  in  which  it  is  two 
hyposulphites.  Again,  on  page  SSO  he  will  find  the  projter  applioa- 
tion  of  the  term  anhydride  explained,  the  term  acid  and  batic  hav- 
ii^  been  already  defined  on  page  82- 


Quettioju  and  Probltjnt. 
I.  Give  the  namea  of  the  compounds  represented  by  the  follow- 
ing symbols:  — 

a.  KCh       KtO;        K^;       A\'O,-S0t       KfO,-SO,i 

b.  /VOi    FfOiH^:  F^-OfCO;   FfO,'C,0,i    [/VJlOit 

c.  H-Cl;  H-F:  HO-lfO,:  H-O-NO;  J^-OiSO,-. 
H^OfSOi    Jl^O,^PO. 

1.  Wrii«  the  symboU  of  the  following  compoundf  : 

a.  Cakio  Sulphide;  Calcic  Sulphite ;  Calcic  Uypotolpbite ;  Cal- 
cic Solphatei  Calcic  liydmtn;  Calcic  Sulphohydnit»i  Calcic  Car> 
bonal« ;   Calcic  Snlphocarbonate  ;  Calcic  Silicate. 

b.  Water;  Putasuc  Uydnlis;  Nitric  Acid;  rotjwdc  Nitrate; 
Nitric  Anbydridn ;  Potanic  Oxide. 

e.  Magnmc  Oxids;  Magnnic  Hydrate;  Magnvnc  Nitrate; 
MafCDcuc  Carbonate ;  Magnesic  Phosphate ;  Ammonio-magncuu 
riio«pitBt«. 

N.  B.  Exampha  like  tho  above  fbould  be  greatly  nulupliod  liy 
the  teacher,  pain*  being  taken  to  group  together  the  nanwe  and 
(vmboli  in  the  way  brtt  calculated  to  exhibit  their  reletioni  and  to 
asid  ike  meanxj. 
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52.  Solution.  —  The  solvent  power  of  water  ia  one  of  the 
most  familiar  facts  of  common  experienve,  and  all  liquiilt^  po^ 
sesB  the  Baine  power  (o  a  greater  or  lesij  degree,  but  they  dilTi^r 
very  widely  from  each  other  in  the  manifestation  uf  their 
solvent  poiver,  whieh  for  eiifh  liquid  is  u^sually  limited  to  a 
certain  claita  of  solids.  Tfau$  mercury  \a  the  appropriate  sol- 
vent of  metals,  alcohol  of  resins,  ether  of  fats,  and  water  of  saltfi 
and  of  similar  compounds  of  its  own  type.  Water  is  by  far  the 
moat  universal  eolveut  known,  and  tor  this  reason,  us  well  as 
on  account  of  its  very  wi<]e  diifusiou  in  nature,  it  becomes  the 
medium  of  most  chemical  chunge^.  The  phenomena  of  aqueous 
solution  form  therefore  a  very  important  subject  of  chemical 
inquiry,  and  these  alone  will  be  considered  in  this  connection. 

The  solvent  power  of  water,  even  on  bodies  of  its  own  type, 
differs  very  greatly.  Some  ttolids,  like  polossic  carbonate,  or 
calcie  chloride,  liquefy  in  the  atmosphere  by  absorbing  the 
moisture  it  contains.  Such  salts  are  said  to  Miijuetce,  and  are 
rendered  li»[uid  by  a  very  small  proportion  of  water.  Other 
salts,  like  calcic  sulphate,  require  for  solution  acvcml  hundred 
times  their  weight  of  water,  and  othera  again,  like  baric  suU 
pbate,  are  praciJcally  insoluble. 

As  a  general  rule  the  solvent  power  of  water  increases  with 
Ibe  temperature ;  but  here,  again,  we  observe  the  greatest  dif- 
ferences between  different  substances.  While  the  solubility 
of  some  salts  iucreaaes  very  rapidly  with  the  temperature,  that 
of  othera  increases  not  at  all,  or  only  very  slightly ;  and  there 
are  a  few  which  are  actually  more  soluble  in  cold  water  than 
in  hot.  The  solubility  of  each  substance  is  absolutely  definite 
for  a  given  temperature,  and  we  can  determine  by  experiment 
tlie  exact  amount  which  100  [larts  of  water  will  in  any  case 
dissolve.  The  results  of  such  experiments  are  best  represented 
to  (he  eye  by  means  of  a  curve  drawn  as  in  the  accompanying 
figure  on  the  principles  of  analytical  geometry. 


SOLUTION   AND  OIFFUStOS. 
Kg.  2, 


Tlio  fiinire*  on  Iho  luiriz-.tilnl  linp  in.lli-iil-  ilf?r'c=  -if  ("mpeni- 
ture,  snJ  lho#e  on  th«  vvrtluil  lin.^  |mrl<  of  hUi  soUil.te  in  lOU 
paiia  bf  wnter.  To  finil  the  aolubiUty  of  any  salt,  tiir  n  staled 
tampcntturc,  the  curve  being  given,  we  have  only  ro  follow  up 
the  vertiml  line  corresponding  to  the  teinperHtiire  until  it 
reaches  the  curve,  luiil  then,  at  the  end  of  the  hnrixontnl  line 
which  intersects  tho  curve  at  the  same  point,  we  find  the  num- 
ber of  parts  required.  The^  cniM^en  also  show  in  each  case 
lh«  law  which  the  rhnn)^  of  colubility  ohpys. 

When  H  liquid  has  dissolvtii  all  of  a  solid  that  it  is  capable  of 
holding  at  the  (empcrature,  it  is  said  to  be  sHtunile<l ;  but  when 
Mturatcd  with  one  solid  the  liquid  will  eiill  exert  a  solvent 
power  over  olliers  i  inileed,  in  »oroo  cases  the  fiolvent  power  ia 
thereby  increaaed.  When  Hevcrnl  salts  are  dissolved  together 
fa]  waller,  a  definite  amount  of  metnthesis  seems  always  to  take 
place,  and  the  ditTerenl  positive  rndicals  are  divided  bplwenn 
the  KvenU  acids  in  proportions  wtiich  depend  on  ihe  relative 
Mrength  of  their  ntRniiies,  aud  on  tlie  (juantilies  of  meh  preo- 
n)L  If  in  ihi>  niiy  cither  nti  insolublr  or  a  volatile  product  is 
fbimed,  the  »olid  or  the  gas  at  once  fnllE  nut  of  the  solution, 
Bndi  llie  equilibrium  being  ihiia  dcMroyed.  a  new  molnihesis 
lakea  place,  and  this  goes  on  so  long  an  any  of  lhe«e  products 
CHI  bA  formed.  Here,  then,  we  tind  n  simple  esptaiuttion  of  the 
two  imporiani  laws  already  stated  on  page  87. 
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53.  Solulio-n  of  Gcuei.  —  Most  liquids,  but  especially  wdter 
and  ulooliol,  exert  on  gaava  a  prentur  or  less  solvent  power, 
vhkh  is  mju-ked  by  diflVrenees  of  manifesialion  similar  lo 
those  we  have  already  studied  in  the  case  of  solids,  altlioirgh 
the  pecaliar  physical  conditions  of  the  gns  soroewhat  modify 
the  reaulL  Under  the  same  conditions,  the  volume  of  gas  dis- 
eolved  is  always  the  same ;  but  it  varies  with  the  pressure  of 
the  gaa  on  ttie  stirfni^e  of  the  liquid,  with  the  temperature,  and 
with  the  peculiar  nature  of  the  gaa  and  the  absorbing  liiiuid. 
The  quantity'  of  gaa  dissolved  by  one  cubic  centimetre  of  a 
liquid  on  whith  it  exerts  a  pressure  of  76  c  m.  is  called  (he 
coefficient  of  absorption.  This  coefficient,  in  almost  every  in- 
Mance,  diminishes  with  the  lemperaturt; ;  but,  as  in  the  case  of 
solids,  each  subsiance  obeys  n  law  of  its  own,  which  must  be 
determined  by  experiment.  The  observed  values  for  several  of 
the  best  known  gases,  when  abiorbed  by  waler  and  alcohol,  are 
given  in  the  Chemical  Physics,  Table  VII.  With  these  data 
we  can  eesily  calculate  the  quantity  of  uny  of  these  gases  which 
a  given  volume  of  water  or  alcohol  will  absorb,  assuming  that 
the  goB  exerts  on  the  liquid  a  pressure  of  76  c.  m.  Moreover, 
Eioce  lAe  quantity  of  a  i/as  absorbed  by  a  liquid  variei  directly 
at  the  prfiiure  v/iich  the  gas  exerts  upon  it,  we  can  easily 
calculate  from  the  first  result  the  quantity  absorbed  at  any 
given  pressure.  Again,  it  Ls  a  direct  consequence  of  the  last 
prindple  that  at  a  fixed  temperature  a  given  mass  of  liquid  will 
dissolve  the  same  volume  of  gas,  whatever  may  be  the  pressure. 
La.-tly,  if  a  mass  of  liquid  is  expoM^d  to  an  atmosphere  of 
mixed  gases,  it  will  absorb  of  each  the  same  quantity  as  if  this 
gas  wag  alone  present  and  exerting  on  the  liquid  tiie  same 
partial  pressure  which  falls  to  iia  share  in  the  atmosphere. 
The  amount  dissolved  of  each  gas  is  easily  calculated  when  the 
partial  pressure  and  the  coefficient  of  absorption  are  known. 
It  is  thns  that  water  absorbs  the  oxygen  and  nitrogen  gases  of 
our  terrestrial  atmosphere  ;  and  the  fact  that  these  (wo  gases 
are  fonnd  dissolved  in  the  ocean  in  very  different  proportions 
from  those  present  in  the  atmosphere  is  a  conclusive  proof  that 
the  air  is  a  mixture,  and  not,  as  was  formerly  supposed,  a  chem- 
ical compound. 
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54.  Solution  and  Comical  Change. — There  aeems  at  flrat 
eight  to  be  a  wide  diftLTence  lietween  solution  and  chemical 
diangc ;  for,  wliile  in  ihe  first  tli«  solid  body  becomea  diffused 
through  the  liquid  meti.struuro  without  losing  its  chemical 
identity  or  destroying  Ihut  of  ihe  liquid,  there  is  in  the  second 
a  complete  i  dentin  cation  of  the  combiiiing  snlistaneeg  in  the 
resulting  compound. 

The  same  with  difference  appears  also  between  mechanical 
and  chemical  solution,  which  are  sometimes  coufonnded  by 
Btndents,  because,  unfortunately,  the  same  term  has  been  applied 
to  both.  When  salt  or  sugar  is  diMolved  in  water,  the 
ditTerences  between  salt  and  solrent  are  preserved  ;  but  when 
chalk  ia  dissolved  in  hydroehloric  acid,  or  copjier  in  nitric  acid, 
there  ia  a  complete  idenlijicution  of  lA»  different^  in  the 
resuliing  compound;  und  the  only  ground  for  calling  such 
chemical  changes  solution  is  the  fact  that  the  solution  of  the 
resulting  salt  in  the  water,  u^  as  the  medium  of  the  chemical 
change,  is  frequently  an  essential  condition  of  ifae  proceits. 

But  if,  inxtend  of  oomparing  extreme  coses,  we  study  the 
whole  range  of  chemical  phenomena,  we  shall  fiud  that  the 
distinction  is  by  no  means  so  clearly  marked.  In  many  cases 
what  seems  Lo  be  a  simple  solution  can  be  shown  to  be  a  mixed 
effect  at  least  of  solution  and  chemical  combination ;  and  be- 
tween this  condition  of  things,  where  the  evidence  of  chemical 
combination  b  unmistakable,  and  a  simple  solution,  hke  that  of 
augur  in  water,  we  have  every  degree  of  gradation.  To  such 
an  extent  is  this  true,  that  the  facis  seem  lo  ju-lify  the  opinion 
that  Bolulion  ia  in  every  case  a  chemical  combination  of  the 
substances  dissolved  with  the  solvent,  and  that  it  differs  from 
Other  examples  of  cbemicnl  change  only  in  the  weakness  of  the 
combining  force. 

The  metallic  alloys  afford  another  striking  illnstnition  of  the 
same  principle.  They  are  originally  solutions  of  one  metal  in 
another  i  but  in  many  rasoa  the  result  is  greatly  modified  by 
tlie  chemical  alTinitics  of  the  metab  and  their  tendency  lo  form 
definite  chemical  compounds. 

5fi.  Liquid  IMff^ion.  —  Closely  connected  with  the  phe» 
nomcnu  of  tioluiiuu  mv.  those  uf  liquid  diffusion.  Thi^se  pho* 
nomcna  may  In;  studied  in  their  simplest  form,  by  placing  an 
open  vial  filled  with  a  solution  of  some  salt  in  a  much  larger 
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Ill 


Fig.  8. 


jar  of  pure  water,  as  shown  in  Fig.  3,  anil  so  carefully  arriinging 
the  details  of  the  esperimeut  that  the  aurfaces  of  llie  two 
liquids  may  be  brought  in  contact  without  mixing  them  mo- 
chaniuilly.  It  will  tht^n  be  fouii<l  that  the  gait  moleculea  will 
slowiy  escape  from  [lie  vini  and  spread 
throughout  the  whole  volume  of  the 
waier.  The  rate  of  the  diffusion  in- 
creases with  the  temperature  equally 
for  all  Bubstonces,  and  ihe  whole  phe- 
nomenon ia  probably  caused  by  that 
same  molecular  motion  to  which  we 
refer  the  effects  of  heal.  At  best,  how- 
ever, the  diffiijiion  is  very  slow,  as  we 
should  expect,  coo  side  ring  the  limited 
freedom  of  raoiion  which  the  liquid  , 
molecrulea  possess,  ll  is  lound,  also,  that 
ihe  rate  of  diffusion  differs  very  greatly 

for  the  different  soluble  salts ;  but  these  may  be  divicled  into 
groups  of  equidiffusire  substances,  and  Ihe  rates  of  diffusion  of 
the  several  groups  bear  to  each  other  simple  numerical  ratios. 
ITamixture  of  salts  be  placed  in  the  vial,  it  ia  found  that  the 
presence  of  one  salt  affects  to  some  degree  the  diffusion  of  the 
other;  bnt  if  the  difference  of  rate  is  considerable,  a  partial 
separation  may  be  effected,  and  even  weak  chemicul  compounda 
may  be  tlius  decomposed. 

56.  Cryitalloidi  and  CoUofdn.  —  There  is  a  very  great  differ- 
ence of  diffusive  power  between  the  ordinary  crystalline  salts 
(including  most  of  the  common  acid«  and  bases)  and  ench  sub- 
slanees  as  gum,  caramel,  gelatine,  and  albumen,  which  are 
incapable  of  crystallizing,  and  which  give  insipid  viscid  solu' 
lions,  readily  forming  into  jelly ;  hence  the  name  colloids,  from 
■AXi),  glue.  The  last  class  is  distinguished  by  a  remarkable 
slug^ahnoss  and  indisposition  to  diffusion ;  as  is  illustrated  by 
the  fact  that  sugar,  one  of  the  least  diffusible  of  the  crystalloids, 
diffuses  seven  times  more  rapidly  than  albumen,  and  fourteen 
times  more  rapidly  than  caramel.  Our  theories  would  lead  ua 
to  believe  that  this  great  difference  of  diffusive  power  is  caused 
by  the  fact  that  the  molecules  of  colloids  are  far  more  complex 
atomic  aggregates  than  those  of  crystalloids,  and  therefore  are 
heavier  and  move  more  slowly.     Moreover,  the  diffusive  power 
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is  only  one  or  mnny  charnclers  which  point  lo  a  rrreat  molecu- 
lar difference  between  iliese  Iwo  classes  of  gubsiances. 

57.  Diatystt.  —  The  diflercuce  of  diffusive  power  between 
ihe  two  clan.'cs  of  compounds  disiinguisbcd  in  the  last  section 
\i  still  liinher  increased  when  the  aijueous  solution  is  separaled 
from  the  pure  watur  by  some  colloidal  membrane,  and  upon  this 
fact  Profea.-^or  Graham  of  London,  lo  whom  we  owe  our  wliola 
knowledge  of  this  subject,  ha^  bailed  a  simple  method  of  aejia' 
rating  cryiiialloida  from  colloidi),  which  he  calls  dialyHis. 

A  shallow  troy  is  prepared  by  sirelchiiig  parchment  paper 
(which  U  ibielf  an  iniwlublo  colloid)  over  one  f'ide  of  a  gutta- 
percha hoop,  and  holding  it  in  place  by  a  somewliul  larger  hoop 
of  the  rame  material.  The  solution  to  be  Ji'alified  is  poured  into 
this  tray,  which  is  then  floated  nn  pure  water  whwe  Tolume 
should  be  eight  or  ten  times  greater  than  thai  of  the  solution. 
Under  these  conditions  the  crystaIloid!i  will  diffuse  through  the 
porous  septum  into  the  water,  leaving  the  eolloids  on  the  tray, 
and  in  the  course  of  two  or  three  days  n  more  or  legs  complete 
lepara^on  of  these  Iwo  classes  of  substances  will  have  taken 
place. 

In  this  way  arsenlouB  acids  and  aimilar  cryslnlloids  may  be 
Mpamt«d  from  tlie  ntlloidul  materials,  with  whirb,  in  cases  of 
poisoning,  thoy  are  frequently  found  mixed  in  the  stomach ;  and 
by  an  applientiuti  of  the  same  method  alumina,  ferric  osidey 
clitomic  oxide,  stannic,  metostannic.  titanic,  molybdic,  lungstic, 
and  silicic  adds  have  all  been  obtained  dissolved  in  water  in  a 
colloidal  condition.  All  thoM  sub!>lanceB  usually  exi^l  in  a 
crystalline  cundilion.  The  colloidal  condition  appears  to  be  an 
•bnnmiBl  r-tate.  and  iti  almost  all  t^uch  substances  tlicre  is  a 
tenilcncy  ii>ivanl#  the  crystalloid  form. 

68.  Diffutiim  nf  Grutt.  —  Gasei;  diffn!^9  much  more  rapidly 
than  liquids,  as  we  xhould  naiunilly  expect  from  ihe  greater 
freedom  of  motion  which  their  moh-iul.'s  pos"e«s.  Moreover, 
if  llic  ilienry  of  the  moleciiliir  condition  of  gases  ia  correct,  we 
ought  to  be  able  to  calculalP  the  relalivc  rales  of  diffusion  of 
different  ga«es  from  their  respective  molecular  weights.  If  it 
IN  irue,  as  vtated  on  page  13.  thai  at  any  given  temperature 


tben  it  followa  that 


imn^im-V* 


f:r'  =  Vi"''  =  V*« 


=  v'Sp.  Gr-. !  ^^p.  Gr. 
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Hence,  if  two  masses  of  gas  are  in  contact,  thesinolecules  of 
either  gas  must  move  into  the  space  filled  by  the  other  with 
velocities  which  are  inversely  proportional  to  the  square-  roots 
of  the  respective  specific  gravities.  If  one  gas  is  hydrogen  (Sp. 
Gr.  ^  1),  and  the  other  oxygen  (Sp.  Gr.  =r^  16),  the  molecules 
of  hydrogen  must  move  past  the  section  separating  the  two 
masses  four  times  as  rapidly  as  those  of  oxygen ;  and,  since  all 
g^  molecules  occupy  the  same  volume,  it  follows  further  that 
four  volumes  of  hydrogen  must  enter  the  space  filled  by  the 
oxygen,  while  one  volume  of  oxygen  is  passing  in  the  opposite 
direction  Numerous  experiments  have  fully  confirmed  this 
theoretical  deduction,  and  the  close  agreement  between  theory 
and  experiment  furnishes  important  evidence  in  favor  of  the 
theory  itself.  Such  experiments  can  be  made,  moreover,  with 
great  accuracy,  since  the  molecular  motion  is  not  arrested 
by  various  porous  septa,  which  may  be  used  to  separate  the 
two  masses  of  gas,  and  which  entirely  prevent  the  passage  of 
gas  currents  that  might  otherwise  vitiate  the  results* 
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CHAPTER  XII. 

RELATION  OF  THE  ATOMS  TO  HEAT. 

59.  Tlie  Atmosphere.  —  The  earth  b  surrouDded  by  an  ocean 
of  aeriform  matter  called  the  atmosphere,  and  many  of  the  most 
important  chemical  changes  which  we  witness  in  nature  are 
caused  by  the  reaction  of  this  atmosphere  on  the  substances 
which  it  surrounds  and  bathes.  The  great  mass  of  the  atmos- 
phere consists  of  the  two  elementary  gases,  oxygen  and  nitro- 
gen, mixed  together  in  the  proportions  indicated  in  the  follow- 
ing table :  — 

Air  Compofltkm  Composltioa 

conUinA.  By  Volume.  By  Weight. 

Oxygen,  20.96  23.185 

Nitrogen,  79.04  7G.815 

100.  T{)0\ 

That  the  air  is  a  mixture,  and  not  a  chemical  compound,  is 
proved  by  the  action  of  solvents  upon  it  (§  53)  ;  but,  neverthe- 
less, the  analyses  of  air  collected  in  different  countries,  and  at 
different  heights  in  the  atmosphere,  show  a  remarkable  con- 
stancy in  its  composition.  Besides  these  two  gases,  which  make 
up  over  93  per  cent  of  its  whole  mass,  the  air  always  contains 
variable  quantities  of  aqueous  vapor,  carbonic  anhydride,  and 
ammonia,  and  sometimes  also  traces  of  various  other  gases  and 
vapors. 

60.  Burning.  —  Of  the  two  chief  constituents  of  the  atmos- 
phere, nitropen  gas  is  a  very  inert  substance,  and  serves  chiefly 
to  restrain  iu  more  energetic  associate.  Oxygen  gas,  on  the 
other  hand,  is  endowed  with  highly  active  affinities,  and  tends 
to  enter  into  combination  with  other  elementary  substances, 
and  with  many  com|)Ounds  which  are  not  already  saturated 
with  this  all-|>ervading  element  Many  of  these  substances, 
such  as  phosphorus,  sulphur,  petroleum,  coal,  and  woo<l,  have 
such  a  strong  affinity  for  oxygen,  that,  under  certain  conditions, 
they  will  absorb  it  from  the  atmosphere,  and  combine  with  it 


COMBUSTION.  115 

ander  the  evolution  of  heat  and  light  These  substances  are 
said  to  be  combustible,  and  the  process  of  combination  is  called 
combustion.  Moreover,  all  burning  with  which  we  are  familiar 
in  common  life  consists  in  the  union  of  the  burning  body  with 
the  oxygen  of  the  air.  The  chemical  process  in  these  cases 
may  be  expressed,  like  any  other  chemical  reaction,  in  the  form 
of  an  equation. 

Burning  of  Hydrogen  Gas. 

HjdrogcB  Gaa.  Aqueons  Vutor. 

2511-111  +  (fiXS)  =  2ISa(S.  [53] 

Burning  of  Carbon  (^Charcoal). 

Carbon.  Cariranle  Anhrdilde. 

C  +  (SHS)  =  (S®,  [54] 


Burning  of  Benzole. 

Beniols.  

20^316  +  ISCfiXfi)  =  12(g®a  +  6III3®.         [55] 


Burning  of  AlcohoL 

AleohoL 

OaSIe®  +  3(fiHfi)  =  20®,  +  SSia®.  [56] 


Burning  of  Sulphur. 

Sulphunms  Anhydiid*. 

©=^  +  2®=®  =  2&®j^  [57] 


Burning  of  Phosphorus. 

Fhotphoric  Anhydride. 

S>j^I?j  +  5®<S)  =  2  PjO,.  [58] 


Burning  of  Magnesium. 

Magnesic  Oxide. 

2img  +  ®<fi)  =  21IIg«.  [59] 

The  four  substances,  hydrogen  gas,  charcoal,  benzole,  and 
alcohol,  may  be  regarded  as  types  of  our  ordinary  combustibles ; 
and,  as  the  first  four  reactions  show,  the  products  of  their  com- 
bustion are  aeriform.  Moreover,  these  products  are  wholly 
devoid  of  any  sensible  qualities,  and  hence  the  apparent  annihi* 
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lation  of  the  burning  substance,  and  the  reason  that  for  so  long 
a  period  the  nature  of  the  process  remained  undiscovered.  That 
these  qualities  of  the  products  of  ordinary  combustion  are  not  ne- 
cessary conditions  of  the  process,  but  remarkable  adaptations  in 
the  properties  of  those  combustibles  which  are  our  artificial 
sources  of  light  and  heat,  is  shown  by  the  fact,  that,  in  the  last 
two  reactions,  the  products  of  the  combustion  are  solids,  while 
in  [57]  the  product  is  a  noxious  suffocating  gas. 

A  careful  inspection  of  the  reactions  will  also  teach  the 
student  several  other  important  facts  in  regard  to  the  processes 
here  represented.  It  will  be  seen  that,  in  the  burning  of 
hydrogen  gas,  two  volumes  of  hydrogen  gas  and  one  volume 
of  oxygen  gas  combine  to  form  two  volumes  of  aqueous  va()or. 
It  will  further  be  noticed,  that,  in  the  burning  of  carbon  and  of 
sulphur,  a  given  volume  of  oxygen  gas  yields  in  each  case  its 
own  volume  of  the  aeriform  product  The  carbon  in  the  one 
case,  and  the  sulphur  in  the  other,  are  absorbed,  as  it  were,  by 
the  gas,  without  any  increase  of  volume.  Further,  if  the  ex- 
periments are  made,  which  these  reactions  represent,  it  will 
appear  that,  in  all  those  cases  where  the  combustible  is  repre- 
sented as  a  gas,  the  combustion  is  accompanied  by  flame,  while 
in  the  ca<e  of  carbon,  which  is  a  fixed  solid,  there  is  no  proper 
flame.  Hence  we  learn  that  flame  is  burning  gas,  and  that 
only  those  substances  burn  with  flame  which  are  either  gases 
themselves,  or  which,  at  a  high  temperature,  become  vola- 
tilized, or  generate  combustible  vapors.  Still  other  important 
facts  connected  with  the  process  of  combustion  will  be  learned 
by  solving  the  following  problems  according  to  the  rules  al- 
ready given  (§§  24  and  25). 

Problem.  How  many  cubic  centimetres  of  hydrogen  gas, 
and  how  many  of  oxygen  gas,  are  required  to  form  one  cubic 
centimetre  of  liquid  water ? *  Ans.  1,240  cm*  of  hydrogen 
gas,  and  G20  c~tn  of  oxygen  gas. 

Problem.  How  many  cubic  metres  of  air  are  required  to 
bum  448  kilogrammes  of  coal,  assuming  that  the  coal  is  pure 
carbon  ?  Ans.  833.333  m*  of  oxygen  gas,  or  3,975.83  m*  of 
atmospheric  air. 

1  HerOf  M  in  all  other  problems  thronghoat  the  book,  it  is  nnderstood,  unless 
othenrtfie  expremlr  ststed,  that  the  meastirements  and  weights  are  all  taken  at 
the  standard  teoperatare  and  prMsore.    (Compare  H  10  and  18.) 
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Problem.  How  many  cubic  metres  of  carbonic  anhydride 
are  formed  by  the  burning  of  1,000  kilogrammes  of  coal,  as- 
suming, as  before,  that  the  coal  is  pure  carbon  ?      Ans.  1,860. 

Problem.  How  many  litres  of  carbonic  anhydride,  and 
how  many  of  aqueous  vapor,  would  be  formed  by  burning  one 
litre  of  benzole  vapor  ?  Ans.  Simple  inspection  of  the  equa- 
tion shows  that  6  litres  of  the  first  and  3  litres  of  the  second 
would  be  formed. 

Problem.  How  many  litres  of  carbonic  anhydride,  and  how 
many  of  aqueous  vapor,  would  be  formed  by  burning  one  litre 
of  liquid  alcohol  {C^H^O)  ?  Sp.  Gr.  of  liquid  at  0°  =  0.815. 
Ans.  One  litre  of  alcohol  weighs  815  grammes  or  9,097  criths, 
and,  since  the  Sp.  Gr.  of  alcohol  vapor  is  23,  this  quantity  of 
liquid  would  yield  395.6  litres  of  vapor.  Hence  there  would 
be  formed  2  X  395.6  =  791.2  litres  of  carbonic  anhydride,  and 
3  X  395.6  =  1,186.8  litres  of  aqueous  vapor. 

61.  Heat  of  Combustion,  —  The  reactions  of  the  last  section 
represent  only  the  chemical  changes  in  the  processes  of  burning. 
The  physical  effects  which  accompany  the  chemical  changes 
our  equations  do  not  indicate,  but  it  is  these  remarkable  mani- 
festations of  power  which  chiefly  arrest  the  student's  attention, 
and  on  this  power  the  importance  of  the  processes  of  combus- 
tion as  sources  of  heat  and  light  wholly  depends. 

The  immediate  cause  of  the  power  developed  in  the  process 
of  combustion  is  to  be  found  in  the  clashing  of  material  atoms. 
Urged  by  that  immensely  powerful  attractive  force  we  call 
chemical  affinity,  the  molecules  of  oxygen  in  the  surrounding 
atmosphere  rush,  from  all  directions,  and  with  an  incalculable 
velocity,  upon  the  burning  body.  The  molecules  of  oxygen 
thus  acquire  an  enormous  moving  power ;  and  when,  at  the 
moment  of  chemical  union,  the  onward  motion  is  arrested, 
this  moving  power  is  distributed  among  the  surrounding  mole- 
cules, and  is  manifested  in  the  phenomena  of  heat  and  light^ 
(Compare  §  12.) 

^  According  to  oar  best  knowledge,  the  phenomena  of  light  are  merely 
another  manifestation  of  the  game  molecular  motion  which  causes  the  phe- 
nomena of  heat.  When  we  .«peak  of  the  amount  of  heat  produced,  we  refer 
always  to  the  total  amount  of  molecular  motion ;  although,  even  in  the  most 
brilliant  illumination,  the  amount  of  mechanical  power  manifested  as  ligbt 
appears  to  be  inconsiderable  as  compared  with  that  which  takes  the  form  of 
beat. 
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The  quantitj  of  heat  evolved  during  combustion  varies 
very  greatly  with  the  nature  of  the  combustible  employed,  but 
it  is  always  constant  for  the  same  combustible  if  burnt  under 
the  same  conditions,  and  is  exactly  proportional  to  the  weight 
of  combustible  consumed.  We  give  in  the  following  table  the 
amount  of  heat  evolved  by  one  kilogramme  of  several  of  the 
most  common  combustibles  when  they  are  burnt  in  oxygen 
gas  in  their  ordinary  physical  state.  The  numbers  represent 
what  is  called  the  calorific  power  of  the  combustible.  With 
the  exception  of  the  two  last,  which  are  only  approximate 
values,  they  are  the  results  of  very  accurate  experiments 
made  by  Favre  and  Silbermann. 

• 

Calorific  Power  of  Combiutibies. 


Hydrogen, 

Unite. 

34,462 

Sulphur, 

Unite. 

2,221 

Marsh  Gas, 

13,063 

Wood  Charcoal, 

8,080 

defiant  Gas, 

11,858 

Carbonic  Oxide, 

2,400 

Ether, 

9,027 

Dry  Wood      (about), 

3,654 

Alcohol, 

7,184 

Bituminous  Coal,  " 

7,500 

The  calorific  power  of  our  ordinary  hydrocarbon  fuels  may 
be  calculated  approximately  when  their  composition  is  known. 
Most  of  these  combustibles  contain  more  or  less  oxygen,  and 
it  is  found,  as  might  be  expected,  that  the  amount  of  heat 
developed  by  the  perfect  combustion  of  the  fuel  b  equal 
to  that  which  would  be  produced  by  the  perfect  combus- 
tion of  all  the  carbon,  and  of  so  much  of  the  hydrogen  as 
is  in  excess  of  that  required  to  form  water  with  the  oxygen 
present  The  rest  of  the  hydrogen  may  be  regarded,  so  far 
as  relates  to  the  present  problem,  as  in  combination  with  oxy- 
gen in  the  state  of  water ;  and  in  estimating  the  available  heat 
produced,  we  must  deduct  the  amount  of  heat  required  to  con- 
vert, not  only  this  water  into  steam,  but  also  any  hygroscopic 
water  which  may  be  present.  Moreover,  if  we  use  in  our  cal- 
culation the  value  of  the  calorific  power  of  hydrogen  given  in 
the  table  above,  we  must  also  deduct  the  amount  of  heat  re- 
quired to  convert  into  vapor  all  the  water  formed  in  the  process 
of  burning,  because,  in  the  experiments  by  which  this  value 
was  obtained,  the  atjueous  vapor  formed  was  subsequently  con- 
densed to  water  and  gave  out  its  latent  heat 

Problem.  Given  the  average  composition  of  air-dried  wood 
as  in  the  table,  to  find  the  calorific  power. 
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Carbon,  400 

Hydrogen,  48 

Oxygen,  828 

Nitrogen  and  Ash,      24 
Hygroscopic  Water,  200 

iooo 


} 


432 


From  the  results  of  analysis  we  easily 

deduce 
Quantity  of  H  in  combination  with  O     41 
"  "     available  as  fuel  7 

Quantity  of  water  formed  by  burn- 
ing 48  parts  hydrogen 
Hygroscopic  Water  200 

Total  quantity  of  water  evaporated    632 

Units  of  Heat. 

400  grammes  oi  carbon  yield 3,232 

7         "        **   hydrogen  " 241 

3,473 
Deduct  amount  of  heat  required  to  convert  632  grammes  of 

water  into  vapor.     (See  §  14.) 389 

Calorific  power  of  air-dried  wood 8,134 

From  the  mechanical  equivalent  of  heat  given  on  page  14, 
and  from  the  data  of  the  above  table,  we  can  easily  calculate 
the  mechanical  power  developed  in  ordinary  combustion,  and 
the  student  will  be  surprised  to  find  how  great  this  power  is. 
The  burning  of  one  kilogramme  of  charcoal  produces  an 
amount  of  heat  which  is  equivalent  to  8,080  X  4^*^  =  3,41 7,840 
kilogramme  metres  ;  that  is,  the  moving  power  which  is  de- 
veloped by  the  clashing  of  the  atoms  during  the  combustion 
of  this  small  amount  of  coal  is  equal  to  that  which  would  be 
produced  by  the  fall  of  a  mass  of  rock  weighing  8,080  kilo- 
grammes over  a  precipice  423  metres  high,  and,  could  this 
power  be  all  utilized,  it  would  be  adequate  to  raise  the  same 
weight  to  the  same  height,  or  to  do  any  other  equivalent 
amount  of  work.  The  steam-engine  is  a  machine  for  apply- 
ing this  very  power  to  produce  mechanical  results ;  but,  unfor- 
tunately, in  the  best  engines  we  do  not  utilize  much  more  than 
^  of  the  power  of  the  fuel ;  and  to  find  a  more  economical 
means  of  converting  heat  into  mechanical  effect  is  one  of  the 
great  problems  of  the  present  ajje. 

62.  Calorific  Intensity,  —  The  calorific  intensity  of  fuel  is  to 
be  carefully  distinguished  from  its  calorific  power.  By  calorific 
power  is  meant,  as  we  have  seen,  the  total  quantity  of  heat 
developed  by  the  combustion  of  a  given  amount  of  fuel.  By 
calorific  intensify^  we  mean  the  maximum  temperature  de- 
veloped in  the  process  of  combustion.  Provided  the  products 
are  the  same,  the  total  amount  of  heat  produced  in  any  case  is 
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not  materiallj  influenced  by  the  rapidity  of  the  process ;  but 
it  is  evident  that  the  temperature  of  the  burning  fuel  will  de- 
pend, other  things  being  equal,  on  the  rapidity  with  which  the 
heat  is  developed  as  compared  with  the  rapidity  with  which  it 
is  dissipated  through  surrounding  objects ;  and,  when  the  com- 
bination with  oxygen  is  very  slow,  the  heat  may  be  dissipated 
as  fast  as  it  is  generated,  and  then  the  temperature  of  the 
burning  body  will  not  rise  above  that  of  the  surrounding  at- 
mosphere, as  is  the  case  in  many  of  the  processes  of  slow  com- 
bustion. 

Assuming,  however,  that  all  the  heat  is  retained  by  the 
products  of  combustion,  we  can  calculate  the  maximum  tem- 
perature which  can  in  any  case  be  produt'ed,  provided  the 
calorific  power  of  the  fuel  and  the  specific  heat  of  the  products 
of  combustion  are  known.  The  calorific  intensity  is  simply 
the  temperature  to  which  the  heat  generated  by  the  burning 
of  each  portion  of  the  fuel  can  raise  the  products  of  its  own 
combustion.  Assume  that  the  quantity  burnt  is  one  kilo- 
gramme, that  tlie  calorific  power  or  number  of  units  of  heat 
produced  is  (7,  that  the  weights  of  the  various  products  of  com- 
bustion are  fF,  fP,  W''^  &c.,  and  that  the  s(>ecific  heats  of 
these  producU  are  S,  S,  S",  &c  Then  WS  -f  W'S'  +  W"S'* 
-{-  &C.,  represents  the  amount  of  heat  required  to  raise  the  tem- 
perature of  the  whole  mass  of  the  products  one  centigrade  de- 
gree (§  16),  —  and  the  maximum  temperature,  to  which  these 
products  can  be  raised  in  the  process  of  combustion,  must  be 

C 

iF^H-  W'S  +  W'S"  ^^^^ 

Problem.  Find  the  calorific  intensity  of  charcoal  burnt  in  pure 
oxygen,  and  also  in  air  under  constant  atmospheric  pressure. 

Solution.  By  [54]  we  easily  find  that  each  kilogramme  of 
carbon  yields,  by  burning,  3.67  kilogrammes  of  carl>onic  anhy- 
dride, which  is  the  sole  product  of  its  combustion  when  bunit 
in  pure  oxygen.  The  sfiecific  heat  of  carbonic  anhydride 
(Chem.  Phys.  235)  is  0.2164.  The  calorific  power  of  oharoail 
is  8,080.  By  substituting  these  values  in  [GO]  we  get  T  = 
10,1 74^ 

"Wlien  the  charcoal  bums  in  air,  the  3.67  kilojrrammes  of 
carbonic  anhydride  formed  by  the  coinbu-tion  arc  mixed  with  a 
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large  mass  of  inert  nitrogeo,  which  must  bo  regarded  as  one  of 
the  products  of  the  combustion.  The  weight  of  this  nitrogen  is 
easily  calculated  from  the  known  composition  of  air  by  weight 
(§  59)  and  from  the  amount  of  oxygen  consumed  in  the  process. 

23.2  :  76.8  =  2.67  :x;  or  a;  =  2.67  X  3.31  =  8.84. 

We  have  now,  besides  the  values  given  above,  W  =  8.84 
and  ^S','  the  specific  heat  of  nitrogen,  equal  to  0.244.  Whence 
P  =  2,738^ 

Problem.  Find  the  calorific  intensity  of  hydrogen  gas  burnt 
in  oxygen  and  burnt  in  air. 

Solution.  One  kilogramme  of  hydrogen  yields  9  kilogrammes 
of  aqueous  vapor.  The  specific  heat  of  aqueous  vapor  is  0.4805. 
The  calorific  power  of  hydrogen  is  not  so  great  when  the  gas 
is  burnt  under  ordinary  conditions  as  that  given  in  the  table  on 
page  118 ;  for  in  the  experiments  of  Favre  and  Silbermann  the 
vapor  formed  by  the  combustion  waB  subsequently  condensed 
to  water,  and  gave  out  its  latent  heat,  while  in  a  burning  fiame 
of  hydrogen  no  such  condensation  takes  place.  Hence  C  = 
84,462  —  (537  X  9)  =  29,629.  We  also  have  IF  =  9  and 
S=  0,  480.     Whence  T=z  6,853^ 

When  hydrogen  is  burnt  in  air,  the  nitrogen,  mixed  with  the 
aqueous  vapor,  weighs  26.49  kilogrammes  and  S  is  the  same 
as  in  the  previous  problem.     Whence  T  ^  2,746®. 

It  appears  then  from  these  problems,  that,  although  the 
calorific  power  of  hydrogen  is  much  greater  than  that  of  car- 
bon, its  calorific  intensity  is  less.  But  it  must  be  remembered 
that  the  conditions  assumed  in  these  problems  are  never  real- 
ized in  practice,  for  the  heat  generated  by  the  combustion  is 
never  wholly  retained  in  the  products.  The  process  of  com- 
bustion requires  a  certain  time,  and  during  this  time  a  portion 
of  the  heat  escapes.  Moreover,  more  air  passes  through  the 
combustible  than  is  required  for  perfect  combustion,  and  many 
of  the  data  which  enter  into  the  calculation  are  uncertain. 
The  results,  therefore,  can  only  be  regarded  as  approximate. 
The  theoretical  conditions  are  most  nearly  realized  in  a  gas 
flame,  and  especially  in  that  form  of  burner  known  as  the 
Bunsen  lamp.  The  temperature  of  the  flame  of  this  lamp, 
when  carefully  regulated,  is  very  nearly  that  which  the  theory 
would  assign. 
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at  least  approximnlely,  by  their  specific  gravitiee,  yat  it  is  only 
io  a  comparatively  lew  casea  that  we  are  able  to  refer  tlie 
molecular  weight  of  a  substance  directly  to  liiis  iundamenlal 
measure.  Most  sub>iancea  are  so  fixed,  or  so  easily  decom- 
posed by  beat,  that  it  is  impossible  to  determine  the  specific 
gra^■ity  of  tlieir  vapor,  even  when  such  a  condition  is  possible. 
In  these  cases,  however,  we  endeavor  to  refer  the  molec- 
ular weight  indirectly  to  the  fundaineiiial  measure,  by  estab- 
lishing a  reladon  of  chemical  equivalency  betwccD  the  sub- 
stance whose  molecular  weight  is  sought  and  some  cloielff 
allied  volatile  eubsianee  whoiie  molecular  weight  has  been  pre- 
viously determiiiijd  iu  the  manner  described  above.  A  lew  ex- 
amples will  make  the  application  of  this  principle  intelligible. 

It  is  required  to  determine  the  molecular  weight  of  nitric 
acid.  A  careful  study  of  the  numerous  nitrates  leads  to  the 
coDclusion  that  this  acid,  like  hydrochloric  acid,  IICl,  con- 
tains but  one  atom  of  replaceable  hydrogen.  For  eiaraple,  we 
find  but  one  potussic  nitrate  and  one  sodic  nitrate,  whereas  we 
should  expect  to  find  several,  if  the  acid  were  polyba^ic. 
Hence  we  conclude  that  ooe  molecule  of  argentic  nitrate,  like 
one  molecule  of  argentic  chloride,  AgCf.  contains  but  one 
atom  of  silver.  Next,  we  analyze  argentic  nitrate,  and  find 
that  100  parts  of  the  salt  contain  63.53  parts  of  silver.  We 
know  the  atomic  weight  of  silver,  108,  and  evidently  this  must 
bear  tbe  same  relation  to  the  molecular  weight  of  ar^nlic 
nitrate  that  63.53  bears  to  100.  But  C3.53  :  100=  108  : 
i;=::170,  which  is  the  molecular  weight  of  argentic  nitrate, 
and,  since  the  molecule  of  nitric  acid  differs  from  that  of  argen- 
tic nitrate  only  in  containing  an  atom  of  hydrogen  in  place  of 
the  atom  of  silver,  its  own  weight  must  be  170  —  108  +  1 
=  63. 

It  is  required  to  determine  the  molecular  weight  of  sul- 
phuric add.  A  comparison  of  the  different  sulphates  shows 
that  sulphuric  acid  is  dibasic.  We  find  two  sulphates  of  potas- 
sium and  sodium,  an  acid  sulphate  and  a  neutral  sulphate,  and 
hence  we  conclude  that  this  fti-id  contains  two  replaceable 
atoms  of  hydrogen,  and  hence  that  one  molecule  of  neutral 
potasaic  sulphate  contains  two  atoms  of  potas«ium.  In  ana- 
lyzing pota^sic  sulphate  it  ap[>ears  that  lUO  parts  of  the  ^^alt 
contain  44.83  parts  of  potassium,  and  evideolly  this  weight 
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bears  the  same  r«lalion  to  100  tbat  the  weight  of  two  Atoms  of 
poius^ium  hvuTi  to  the  weight  of  the  molecule  of  potassk'  Bul- 
pliate.     Thus  we  have,  — 

44.83  :  100  =  78 :  X  =  1 74  ;  the  jMl  W.  of  Potossic  Sulplate. 
and  174  —  78  +  2  =  tl8 ;  the  jK  W.  of  Sulphuric  Add. 

By  A  similar  course  of  reaaoning  we  may  deduce  from  the 
results  of  HUHlysid,  and  from  the  general  chemical  rcla- 
lloiiB,  the  moltoular  weight  of  any  olhtr  tteid  or  bas^e.  If 
there  it  any  fjueslion  in  regard  to  the  busiiriiy  of  the  acid  or 
the  ucidiiy  of  iliu  bade,  there  will  be  the  t»aie  quvstieii  as  to 
the  molecular  weight ;  but  wc  cannot  be  led  far  into  error,  for 
the  true  weight  will  be  Bume  simple  multiple  or  aubmuhiple  of 
the  uue  a-«uined.  aud  the  progre^'S  of  tdence  will  sooner  or 
later  correct  our  mialake.  From  the  molecular  weigh!  of  any 
acid  we  easily  deduce  tlie  molet-ular  weights  of  all  its  (■altii. 

When  tbc  substance  h  not  distinctively  an  ucid  or  a  base,  hut 
is  capable  of  entering  iulu  combinnlion  with  Other  budies,  we 
C»n  fre<)uently  discover  its  molecular  weight  by  determining 
ex  peri  men  I  ally  how  much  of  this  substance  is  equivalent  to  n 
known  weight  of  some  allied  but  volatile  «ubBlance  wlio^o 
molecular  weight  is  known.  Thu»  ammonia  gas,  whose  molec- 
ular weight  is  one  of  tli«  be^t-eslablished  data  of  cbcmUtrj-, 
enters  into  direct  union  with  a  enmpound  of  plaiinic  chlnride 
and  hydrochloric  acid  {PtCltH,)  lo  form  a  definite  crystalline 
salt  wha-e  composition  ia  exactly  known. 


[61] 


PtCkB,  +  2XJh  =  PlCU(^ff,)r 

Now  a  vpry  large  number  of  Bul>stnnc-(»  allied  ti 
form  with  ilii>'  -arne  jdarinum  salt  cqniiUy  delinite  products,  so 
thai  by  simply  delerminin);  the  weijtbt  of  platinum  in  thCM 
oomiMunds.  which  »  very  cMily  done,  their  molecular  weights 
may  at  onit-  1mi  rcfern^  to  the  molecular  weight  of  ammonia. 

Lwlly.  if  oilier  mcnrnt  fail,  we  may  sometimes  discover  ilio 
molecular  weight  of  a  conijiound  bycarerully  studying  the  reac- 
tions by  which  it  ia  formed  or  dicomposed, and  inferring  the 
wei;^t  of  ihe  rom|ioun(]  from  ihni  of  it«  factors  or  pmducls.  We 
srek  lo  espress  the  reaction  in  the  Mmplcsi  poasibln  way,  and 
^ve  that  value  to  the  molecukr  wr-ighi  which  best  satitfle'  t1ll^ 
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chemical  equation.  Evidently,  however,  such  results  are  less 
trusiwortliy  tliiLD  iLo^e  obiuiDi^d  l>y  either  of  ibe  oilier  methods. 
69.  Conititution  of  MoUcuUt.  —  It  is  a  favorite  theory  with 
eome  chemists  ihut  no  molecule  ean  exi^t  in  a  free  condition 
with  any  of  iia  al&nitjes  un^tisfied,  but  those  who  bold  thb 
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lerpreted  it  must  be  admitted  that  the  theory  explains 
many  facts. 

For  example,  among  ihe  univalent  elements,  chlorine,  bro- 
mine and  iodine  are  all  known  to  have  molecules  consisting  of 
two  atoms.  So,  also,  the  nioli'cule  of  cyanogen  gas  coJisisls  of 
two  atoms  of  (he  radical  CN,  and  the  same  is  irue  of  eihyl, 
propyl.  &C.,  at  least  if  the  hydrocarbons  so  named  have  really 
the  constitution  first  assigned  to  them. 

Passing  next  to  the  dyads,  we  find  that,  while  oxygen,  sulphur, 
Belenium  and  tellurium  have  molecules  consijsling  of  two  atoms, 
the  metals  mercury  and  cadmium,  and  the  radicals  ethylene, 
propylene,  &c.  (  C,Hf  and  CiHa),  have  molecules  which  coincide 
with  their  atoms. 

Of  the  well-delined  triad  elements  none  are  volatile,  but  the 
two  triad  radicals  w  hie  1 1  have  lieen  obrained  in  a  free  slate — 
allyl'  (<?,Kj)  and  kakodyl  ((C^a),J»)  —  boib  have  double 
atomic  molecules. 

In  like  manner  none  of  the  tetrad  elements  are  volatile, 
and  ihe  only  tetrad  radicals  known  in  a  free  state  have  single 
atomic  molecules. 

Of  the  pcniad  elements  nitrogen  has  a  molecule  of  two 
atoms,  while  phosphorus  and  arsenic  have  molecules  of  four 
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fttoma.  No  compouad  mdicab  of  thb  order  arc  koowD  in  a 
free  stale. 

Lastly,  the  only  hexad  radical  known  ia  a  free  stale,  benzine, 
OoMp  )>os  a  molecule  wliidi  cuinciUes  with  its  atom. 

Thua  it  appears  tliui  in  general  the  tlicofv  issuainined  hy  (he 
faols.  Nevertheless,  there  tire  .'leveral  well-marked  exceptions 
to  it>  Thus  the  well-known  compound.''  NO  and  NO.,  have 
molecules  which  act  as  radicals  of  uneven  aiumiciiies  and  yet 
conlaiii  but  one  complex  atom.  We  must  be  careful,  tlierefore, 
not  10  give  too  much  weight  to  this  hypothesis,  but  siill  it  may 
be  useful  in  co-ordinating  factii.  It  lead^  at  once  to  three  gen- 
eral principles  which  will  be  found  to  he  almost  universally 
true. 

The  first  is  that  the  sum  of  the  atomicities  of  the  atoms  of 
every  molecule  ia  au  even  number. 

The  second  b  that  the  atomicity  of  any  radical  is  an  odd 
or  even  number  aet-ording  as  the  Bum  of  the  atomicities  of 
its  elemt^iiljiry  atoms  is  odd  or  even. 

The  third  is  that  the  quiintivulence  of  ek-menlary  atoms 
mutt  be,  as  sfatvd  on  pugu  69,  either  even  or  odd.  They  are 
artiadt  or  periiiiult,  ami  the  two  characters  can  never  be  mani- 
fi-slcd  by  the  same  elements. 

It  Ims  also  been  a  question  among  chemists  whether  moleo- 
ulur  Romhinution  was  poft^iible ;  in  other  words,  whether  it  is 
posnhle  for  molecules  of  diflerent  kinds  to  combine  chemicully, 
each  preserving  its  integrity  in  the  compound.  Some  of  the 
advoeaieH  of  the  unitary  theory,  in  tlie  reaction  again^it  the 
duatislic  system,  have  been  inclined  to  doubt  the  possibility  of 
such  oomponnda,  and  have  ftttem|itod  to  repn^aent  the  symbols 
of  oJ/ compounds  in  a  single  molecular  group;  but  any  ante- 
cedent improbability,  on  theoretical  grounds  Is  fitr  more  than 
outweighed  by  the  evidence  of  n  large  numln^r  of  com[)oun<U 
whose  conKiitutiun  in  most  simply  explained  on  the  hvjKiihrais 
of  molrcular  combination.  For  example,  in  the  crystalline  Milts 
it  in  impowible  to  doubt  that  the  water  exisia  as  such,  nut  as  a 
pari  of  the  iwit  molecule,  but  combined  with  it  a«  a  whole.  So, 
aUo,  there  are  a  number  of  dottble  salts  whose  cun^itution  is 
roost  simply  explained  on  a  similar  hy|>oihpiis,and,  in  the  prvs- 
ent  stale  of  the  science,  it  seems  unnecessary  to  oomplicat« 
their  symbols  by  forcing  ihem  into  the  unitary  mould.     It  is  a 
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characteristic  of  guch  molecular  compounds  na  are  here  aaeuTneil, 
that  ihv  force  which  holiie  together  the  ninI<'culeB  in  raucli  feebler 
than  that  whicJi  bind*  together  (he  atoma  in  the  molecule.  When 
the  molecular  allraction  i^  very  Btrong,  it  is  probable  that  in 
almost  all  cases  the  diflerent  moleculea  coalesce  into  onf; ;  and 
between  the  extreme  limite  vfe  find  compounds  in  which  it  is 
diHicult  to  deiermine  whether  true  molcculiir  combination  ex* 
islH  or  not  Sudi  coale^icing  of  distinct  molecules  ^eems  always, 
however,  to  be  aitended  uiih  a  )n%ater  development  of  heal,  and, 
in  general,  wiib  a  more  marked  manifestation  of  physical  ener- 
gies, than  usually  atiends  either  molecular  aggregation  or  atomic 
melBlbeBia. 

Tn  (he  notation  of  ihi^  book  molecular  combination  la  indi- 
caii-d  by  writing  logeiher  the  symbols  of  the  difiereut  molecules 
tlius  uuited,  bill  »e[))iraling  the<e  symbols  by  [)ej-ioilB.  Thus 
the  symlMils  iKCl.I'tC/,.  and  SNaF.SbFg  represent  compounds 
of  this  cla-s. 

JO.  ItonuTitm,  AHotropiim,  Polymorphiim.  —  We  should 
infer  from  the  doclrine  of  chemical  types  that  the  same  atumji 
might  be  grouped  together  in  different  ways,  no  as  to  form 
different  molecules  which  in  their  aggregation  would  present 
essentially  distinct  qualities.  Henca.  we  should  expect  lo  find 
distinct  substance'*  having  ihe  Fame  composiiion ;  and  in  fact 
our  science,  organic  chemistry  especially,  is  rich  in  cxamjiles 
of  this  kind.  Such  sub-tnnces  arc  said  to  be  isomi^ric  and  the 
phenomenon  is  called  isomerism.  There  are  different  phases 
of  isomerit-m.  which  it  will  l>e  well  lo  distinguish,  not  so  much 
on  account  of  any  essentaal  differences  in  the  phenomena  as  in 
order  lo  mHke  ourselves  better  acquainted  with  its  manifesta- 
tions. 

In  Ihe  first  place,  we  have  examples  of  isomeric  bodies 
having  the  same  centesimal  coniposilion,  but  showing  no  rela- 
lion  to  each  otln-r  in  their  properties  or  in  their  chemical 
reactions.  Someiimes  we  have  a-*Mgned  lu  them  the  same 
formula,  but  in  olher  cases  ihe  symbol  of  one  is  a  simple 
multiple  of  that  of  the  other.  Thus  aldehyde  and  oxide  of 
ethylene  have  both  the  symbol  f^,0;  cane  sugar  and  gum 
arabic,  the  common  formula  C,,//tiO,ii  lactic  acid,  the  formula 
CifftO,;  and  glucose.  CtHaO^  These  compounds  bear  no 
resemblance  to  each  other,  and  have  no  relations  in  common 


1S4 


MOLECnLAS  WEIOHT  AMD  CONSTITUTION. 


BHve  the  single  fact  ihat  ibcir  cenlesim&l  compo^ilion  ia  the 
same. 

In  tile  second  place,  vre  hnvc  numerous  examptci  of  i.^omeric 
coinpounile,  (vhitli,  with  tlie  Biime  crnie-imnl  conipnsiiion,  liiive 
ttUn  the  EUine  molecular  w<?ighl,  luiil  nliose  molecules,  lliercfcire, 
con^isl  of  Ibe  same  number  of  ntorus,  but  wbcre  a  fundaiiienul 
ili^erence  in  the  grouping  of  ihe  atoms  may  be  inferred  from 
the  nature  Biid  protlucln  of  ihe  chemical  renrlion!>,  hy  wliirli  such 
ir-omiric  compounds  are  formml  or  decjimpi^ed.  Thus,  fur  rx- 
mnple.  eihylic  formiaie  {CjH,)-0-{CHO)  baa  exactly  ibe  oame 
cnm|iositiain  and  mokcutur  weijilit  as  methylic  acelnte  ((?//,)- 
0-(  C./Tj  0).  The  same  is  iriie  of  cyanic  ether  and  ryanetboline, 
whose  symbol*  have  nlr^-ndy  been  given  (pnge  77)  in  coniiee- 
lioii  wiib  Ihe  reactions,  which  indieale  their  molecular  eoiistiiu- 
liun,  aud  another  Ktill  more  remarkahlo  case  will  be  found  in 
Part  II.  of  this  work  [164]  nnd  [16^]. 

In  ihe  third  place,  we  have  several  groups  of  isomerie  com- 
pounds especially  amonf;  the  hyili'ucarbons,  which  have  the 
fame  j^nenil  properties  and  the  Minie  pereentuge  compo«iiiQU, 
but  which  iliHer  from  each  other  in  their  molecular  weights:  »(i 
that  the  symbol  of  ono  is  a  maltipio  of  that  of  the  Test.  The 
hydrocarbons  elbylerie  C,//,,  propylene  Cj//,.  hutytene  CJl„ 
fiimi  n  group  of  this  kind.  Compounds  of  ibij  ela>>«  arc  friv 
quenlly  callod  polyiiitrie,  and  someiimes  the  heavier  com- 
pounds may  be  regarded  as  conderii*ed  forcnn  of  the  lighter. 

Lastly,  wu  may  distinguish  still  a  fourth  da's  of  i'mmi-ric 
eompound*  which  have  the  same  g<'iicral  properties,  tlir  iwmo 
symbol,  and  the  name  general  system  of  reacticina,  bul  which 
dilTer  in  a  few  mttrked  qunlities,  physical  or  chemical,  and 
which  prevervR  ibcjc  diamcleniticj  to  a  greater  ur  \tsfi  extent  in 
their  curoixninds.  The  two  forms  of  toluic  acid,  C,ff,Op  be- 
long to  this  cIhhs  and  such  compounds  are  isomeric  in  the 
fulle<l  tense  of  ihe  word. 

In  all  llie  alMive  exnmp1c»  the  difTerenoea  between  the  iso- 
merie  compounds  arc  (.utRcienlly  irreat  lo  l<-ad  chemiots  to 
■seign  lo  each  a  distinct  name.  Whi-n,  bowerer,  the  differ- 
races  are  nol  lufflcienily  great  to  juiiify  a  distinct  name,  llie 
two  bodies  an-  >aid  lo  be  diffrrvnl  aUotropie  aiates  of  iht^  same 
■nbatanee.  Thun  there  w*  two  varieties  of  lorlaric  aeid;  the 
Bm  of  which  deviates  the  jdauu  of  polariinlion  of  a  ray  of  light 
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lo  Ihe  U'ft.  while  [lie  secoml  deviules  it  to  tlie  right;  but  eince 
in  almosl  every  oiber  respect  the^e  two  bodies  Bre  iJenticBl, 
ive  ilo  Dot  ^peak  of  ihem  as  different  subHtancea.  but  merely  a» 
(lifierent  Blloirapic  states  of  tartaric  sold.  There  are  also  tliree 
otiier  varieties  of  lartaric  acid,  but  tbe«e  difler  so  grently  trom 
the  nonnal  auid  ia  crystalline  Ibrm,  in  solubility,  und  al^  in 
other  relations,  that  they  may  fuirly  be  regarded  as  dictinct 
subBtances. 

Agitiu,  there  are  many  subsiiince^  where  tbe  difTerence  of 
atate  or  allotropitm  is  associiiied  with  difl'erence  ol'  crj'slulliiie 
farm;  and  when  this  difl'erenoe  of  form  is  fuudamentul,  the 
Biibstanue  \i  »ud  to  be  dimorphous  or  trimorphous,  aj  the  chbc 
may  be,  and  the  phenomenon  is  cniled  polymorphism.  Thug 
common  calcic  carbonnle  crystnliizcs  in  two  lliudiiineulally  dis- 
tinct tbrms,  eorres ponding  to  tlie  two  mineruiogipal  species, 
calcite  and  aragunitc.  Such  difference  ol'  forui,  Lowevei',  is 
inTariably  accompanied  by  a  marked  difFerenee  of  properties, 
so  that  gioiymurpliifim  is  merely  one  of  the  indicttiiona  of  allo- 
tropir^m. 

Differences  of  condition  similar  to  those  we  have  described 
manifest  themselves  even  more  markedly  among  elementary 
fubniances ;  and  indeed  the  word  allotropism  was  first  applied 
to  phenomena  of  ihta  lit:!t  cIhbs.  Thus  there  are  two  allotropic 
stale-i  of  phosphorus,  which  diS'er  so  much  from  each  other  that 
no  one  would  suspect  from  their  external  cheraclers  that  there 
was  any  identity  between  them,  nnd  to  these  Iwo  states  corre- 
spond two  fundamentally  different  crystalline  forms.  In  t^ome 
cases  the  differences  between  the  allotropic  states  of  the  j^ame 
element  ore  far  greater  than  any  which  are  seen  between  the 
most  unlike  isomeric  compounds.  No  substance!!  could  be 
belter  defined  by  well-marked  and  utterly  distinct  qitalilies 
than  diamond,  plumliHiro.  and  charcoal,  and  yet  they  are  all 
three  allotropic  moditicaiions  of  the  one  elemental  substance 
we  call  carbon  ;  and  such  phenomena  as  these  j^ve  us  strong 
grourtda  for  believing  that  our  present  elements  may  have  a 
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and  Prolilemt 

ei<;liUi  of  alcohol  and  camphor  u  de- 
||.  (Sr.  Uclerminauoiis  givtn  on  pnge 
•iS  I 

Asa.  ib.i  and  155,  «hii:h.  although  not  cloeely  agreeing  with  the 
theoreiiual  imiubere,  enabltu  lU  to  decide  thai  the  ivmbota 
of  these  compounds  are  C^H,0  and  Ci^ff^O  as  the  mmplcBt 
inurrpret-nuon  of  the  analvseB  would  indicare. 

a.  At  the  hinipentnre  of  i7(f  the  Sp.  ©r.  of  the  vijmr  of  ml- 
phurii'  aciil  is  KpproiimBUly  J.G97.  How  does  (his  revolt  agree  with 
the  geiifrall)'  n-oelved  eymbol  of  thit  compound,  and  how  do  you 
eiplaiii  the  diavrejumt-'V  ? 

3,  A  itudy  of  the  different  tartrate*  has  led  to  the  concluiion 
alrvadf  uxpresged  ibat  tartaric  acid,  although  Ivtratomic  ii  dlbaalc. 
It  alio  appear*  that  one  hundred  parls  of  neutral  argentic  tartrate 
yield  when  ignited  55.39  parts  of  metallic  silver.  lUquiretl  the 
molecular  weight  of  tartaric  acid.  Ang.  176. 

4,  An  hundred  part*  ofbaric  oxide,  BaO,  (whose  composition  is 
aaninietl  to  be  known)  yield  when  treated  with  sulphuric  acid  153.3 
parts  of  baric  sulphate.  Further  it  is  assumed,  as  the  result  of  care- 
ful study,  that  sulphuric  acid  is  dibasic,  and  the  metsl  barium  a  biva- 
lent radical.     Re<iiiir>»l  the  molecular  weight  of  sulphuric  acid. 

Ant.  98. 

5,  The  well-known  base  aniline  gives  with  platinic  chtorid*  a 
deRnit«  crjitalline  prwluct,  one  hundrwi  parts  of  which  yield  on 
ignition  82.S9  parts  of  platinum.  R«<|uirod  the  moiecutar  weight  of 
aniline.  IIow  does  this  rrsult  agree  with  the  8p.  (?t.  of  aniline 
vapor,  wliieb  hosbren  found  by  obsenation  to  Iw  3.:(10.  i" 

Ans.     BS;  which  oorresponds  to  Sp,  ©r.  of  S  !S3. 

0.  The  base  triethylamine  give*  in  like  manner  a  platinum  salt, 
one  hundred  parti  of  which  yield  on  ignilioo  32.13  parts  of  plati- 
num.    Re.piired  the  molecular  weisht.  Ans.  101. 

T.  Cumpant  together  ihe  symbols  of  the  coiDpounds  of  the  va- 
rious alcohol  radicab  en  pages  00  to  93  and  point  out  the  exuoi- 
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71.  RelatiuM  to  Oiemi'ilrr/.  —  Almost  every  BubstancQ 
affects  a  delinite  polytiednil  form,  allhougli  it  miiy  muiiire.'-t 
Ihi*  tendency}'  only  under  favorable  condiiions.  Sueb  fonnsan; 
called  crystals,  and  itii;  process  of  cryaiailine  growth,  or  de- 
velopment, is  calJecl  crystallization.  The  one  essential  CDiidi- 
tioo  of  crystallization  is  a  certain  freedom  of  motion,  and  crys- 
tals, more  or  less  perfect,  are  usually  formed  whenever  a  molten 
lii]uid  "  sets,"  or  a  solid  is  deposited  from  a  condition  of  solution 
or  of  vapor ;  and  in  each  case  the  slower  ilie  process  the  InrjrL-r 
and  the  more  perfect  are  the  crystals.  The  crystalline  condi- 
tion is,  in  fact,  the  normal  stale  of  solid  matter.  It  is  tnie  ihut 
there  are  a  few  substances  which,  like  glue,  are  only  known  in 
the  colloiil  state ;  but  in  most  of  the  so-called  colloid  tub- 
stances  this  state  is  abnormal,  and  there  is  a  constant  tendency 
to  crystallization.  Moreover,  its  peculiar  crystalline  form  is  one 
of  the  most  characteristic,  and  apparently  one  of  the  most  es- 
sential, properties  of  a  substance,  an<l  is  therefore  of  great  value 
in  determining  its  chemical  nlllnities.  The  study  of  the  geomel- 
riual  relations  of  these  forms  isi,  however,  in  itself  a  sepitrate 
science,  and  in  this  connection  we  can  only  dwell  on  the  few 
elementary  principles  of  the  subject  on  which  our  system  of 
chemical  classification  in  part  rests. 

72.  Definitiont.  —  In  the  forms  of  crystala  the  idea  of  sym- 
metry is  the  great  controlling  principle.  Each  substance  fol- 
lows a  certain  law  of  symmetry,  which  seems  to  be  inherent, 
and  a  part  of  its  very  nature ;  and  when,  from  any  cause,  the 
character  of  the  symmetry  changes,  the  substance  loses  its 
identity,  and,  even  if  its  chemical  composition  remains  the 
same,  it  becomes,  to  all  intents  and  purposes,  a  ditTerent  sul>- 
staace.  In  ever)'  crystal  the  symmetry  points  to  a  few  dirtc- 
lions,  to  which  not  only  the  position  of  the  planes,  but  nlso  the 
physical  properties  of  the  body,  are  clo*eIy  related.    Certain  of 
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lliese  direftiont,  more  or  less  arliitrnrilj'  rhosen,  nre  called  lite 
oxM  of  ihe  cry^lals,  and  a  erystaUine  form  may  b«  defined  Oi 
a  group  of  timilar  planes  ^ymiueii'icullj'  diejio-ed  around  iliuxi 
axei<.  As  u  evidi-nt  from  tliis  definilion  a 
<'ryslnllitic  form,  like  »  geomelricnl  t'tinii,  u 
a  puri!  nWrai^tiun,  and  ihid  raiK^'plJon  is 
ciirefully  to  be  kept  dUtmcl  from  llio  idea 
oC  a  crystal,  wliiuh  implies  not  only  m  cer- 
ttiin  Airm,  but  al^io  a  cenain  simcture. 
Moreover,  in  by  far  the  larger  number  of 
cast^  ihe  same  crystal  is  bounded  by  ^evt-nil 
forma.  Tbu.*.  in  Fig.  4,  wliii-h  represcnit  n 
cry^Iul  of  common  quartz,  iliu  planes  of  ibo 
prism  and  iLe  [tlaiies  of  (lie  pyramid  ar^ 
distinct  crystalline  forma. 

73.  St/Xmu  of  Cn/itab.  —  A  carerul  study  of  the  forms  of 
crydals  has  ehown  lliat  these  forms  may  !«  claMided  under  six 
(Tyslulline  ■systems,  each  of  wliieh  i*  disiinfruished  by  a  peculiar 
plan  of  symmetry.  Theae  division*,  it  is  true,  are  in  a  mi-ns- 
nre  arbitrary  i  forhere,a*else«liero  in  nature,  no  aliarp  dividing 
lines  nre  found  ;  but  noverlbeless  the  distinctions  on  which  the 
cInB»ififation  rests  are  clearly  marked.  We  can  only  give  in 
ihii  book  a  very  imiwrfwt  idea  of  these  several  plana  of  sym- 
metry by  represfniing  with  flgiirea  a  few  of  the  more  dmrac- 
loristic  fonns  of  each. 

74.  Fint  or  Jtmnrtrie  Sy^tfmJ  —  The  three  most  frcquenily 
occurring  forms  of  tliis  system  are  ihe  regular  octahedron,  t)ie 


rhombic  dodernhodron  and  the  cube.  Fips.  5,  C,  and  7.     These 
and  all  tha  other  forma  of  the  sysivni  may  be  regarded  as 
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grouped  arounil  three  equal  and  similar  axes  at  righl  angles  lo 
each  udier,  and  hence  the  name  isometrio  (equnl  dimensions). 
They  present  the  name  symmelry  on  all  Bides,  and  the  appear- 
ance of  the  lorm  is  identiral,  wliiuhever  axis  la  placed  in  a  ver- 
tical posiiion.  In  thid  syBtem  no  variation  in  the  relative  giosi- 
liona  or  lengths  of  the  axes  ia  possible,  for  this  would  change 
the  plan  ol'sj'mnietry  on  which  the  system  is  based. 

75.  Second  or  Tetragonal  Systtm.*  —  The  plan  of  symmetry 
in  this  system  \i  beat  illusirated  by  the  square  octahedron,  Fig. 
8.     Of  this  form  the  basal  section,  Fig.  9,  u  a  si|UBre,  and  lo 


this  fact  the  name  of  the  system  refers.  The  vertical  section, 
on  the  other  hand,  is  a  rhomh.  Fig  10.  Here,  as  in  the  first 
PTStem,  the  forms  may  oil  be  referred  to  three  rectangular  axes, 
but  only  two  hnve  the  same  length  ;  the  third  may  be  either 
longer  or  shortT  ih:m  the  others.  The  Inst  is  the  dominant 
axis  of  the  form,  and  hence  we  always  place  it  in  a  vertical 
poHttinn  and  call  il  the  vertical  axis.  The  length  of  the  verti- 
cal axis  bears  a  constant  ratio  to  that  of  the  iHtera)  axes  in  all 
ciyalals  of  the  same  snhstance,  but  lliia  ratio  differs  very  greatly 
for  diflerent  subslances,  and  is  therefore  an  important  cryetal- 
lograpbic  cbaracter.  The  familiar  square  prism  is  another  very 
characteiistie  form  of  ihia  system. 


Moreover,  the  plane.-i  Imlh  of  the  prism  and  iif  ihe  o.'luliedron 
may  have  different  positions  with  reference  \n  the  latend  axea, 
BS  is  shown  by  (he  two  basal  sections,  Figs.  11  and  12; 
'  riilMnl-oiUmetrio. 
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ftnd  thU  leoda  us  to  diBtlnguish  two  square  prisms  etiil  Iwo 
aquare  ocuhedrons,  one  of  wiiich  i«  said  to  be  the  inters  of 
the  ofbpr. 

76.  Third  or  ffej^agminl  Syttem,  —  In  tbe  last  Bystem  the 
planea  were  armnged  hj  fours  aroond  one  dominant  axis,  while 
in  rhia  system  they  are  airauged  by  sixes.  The  most  character- 
istic fonoB  of  this  systfin  are  the  hexa^nal  pyramid.  Fig.  13, 
and  the  hexa^in-il  priam.  Fig.  14.  Tlie  basal  j^i.'iion  tlin>ui.'li 
eiiluT  nf  tliewe  forms  is  a  regular  hexagon,  Fig.  15,  and,  besides 


the  dominnnt  or  vertical  axi«,  we  also  dieiiiiguisb  as  lateral  axes 
the  three  difigonaU  of  ihia  hexngimal  section.  These  lateral 
axes  Bland  at  right  angles  to  the  verliral  iixis,  but  between 
tbemnelves  ibey  sobli^nd  angles  of  GO'.  Here,  as  before,  the 
ratio  of  tlie  length  of  the  venieal  axis  to  the  common  length  of 
Iha  lat«nl  ttxes  hits  a  oonstanl  value  on  crysials  of  tlie  same 
tobBtance,  hut  diflera  very  greatly  with  different  substances, 
the  vertical  axis  being  sometimes  longer  and  sometimes  shorter 
ni.  IT. 
nt  IB- 


thwi  tlie  other  three.    Tbe   rhomboheidTOn,  Fig.  16.  and  Ihn 
■cnlenohedmn.  Fig.  1 7,  are  also  forRK  of  this  syatem.  and  occur 
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even  more  frequenlly  than  tlie  more  tjpical  forms  first  muQ- 
tioDed.  Lastly,  n  difference  of  posiiion  ia  tlie  pknea  of  die 
prism  or  pyramid  with  reference  lo  llie  lateral  axes  ^ves  rbe 
in  tbis  system  to  the  same  distmctioa  t>etwcen  the  direct  and 
the  JDverse  forms  as  in  the  la-st. 

77.  Foitrth  or  Orlhor/iombic  iSgitem,*  —  The  most  chsracter^   ' 
islic  forms  of  this  system  are  the  rhombic  octahedron,  Fig.  18, 
iLDd  the  right  rliombic  prism,  from  which  the  system  takes  its 
name.     The  three  principal  sections  of  the  octahedroo,  repre- 
sented by  Figs.  19,  30,nud  21,  and  also  the  basal  section  of  the 


prism,  are  all  rhnmb^,  whose  relations  lo  the  form  are  indicated 
by  the  lettering;  of  tiio  figures.  We  easily  distio^ui.'h  here  three 
axes  at  right  an^'les  to  each  other,  hut  of  unequal  lengths,  and 
in  rej^rd  lo  the  ratios  of  these  lengths  the  remarks  of  ihe  last 
two  sections  are  strictly  applicable. 

78.  Fijih  or  Monoclime  Sytttm. — The  forms  elaased  together 
under  this  syeiem  may  be  referred  to  Ihive  unequal  axes,  OM  of 
which  stands  at  right  angles  lo  the  plane  of  the  other  two,  while 
they  ore  inclined  to  each  other  at  an  angle,  which,  ihough  con-  ' 
etant  on  crystals  of  ihe  same  substance,  varies  very  greatly  wiili 
difierent  subAlances,  as  vary  aUo  the  relative  dimensioria  of  the 
iixee  themselves.  Fig.  22  rcpreaenls  an  oclaliedron  of  ihia 
system,  and  Fig'.  23  and  24  represent  iwo  sections  m>id« 
through  ihe  ed^es  FF  and  DD'  of  this  Ibrm.  A  wction 
through  the  edges  CC  would  be  similnr  lo  Fig.  23,  and  these 
three  sections  gice  a  clear  idea  of  the  relative  positions  of  Ihe 
axes.     The  section.  Fig.  24,  containing  the  two  oblique  axes, 

1  C&lled  alio  trimetric. 
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CPU  on  nil  monocliii 
bilnleral,  and  coriMe^ponds 


villi  wi.ici 

n  hiMly.  This  plaa  offtjmmelry  h  wt-ll  illii-ii«lcd  hy 
Fi^.  2!>,  26,  nnO  27,  wliicti  re|>ri'#ent  tiiu  cummotil)'  ocrurrbg 
forms  of  gvgmum,  au}.'il<-,  anil  fii^lspar,  tlirve  of  lliv  uioel  com- 
moD  minerals.  Tliese  figure?,  liowevtr, do  not.  like  tliiisv  of  the 
previous  M»:tion§,  repre^Mit  simiilc  cry^mlUtie  (Virms.  Th«  cryf' 
tali  hrro  n^prescnted  are  in  rach  cose  iHiiiiided  by  erverttl  forma, 
and  iodeed  iu  this  sysWin  »uch  compciund  furnis  ftre  alone  [mm- 
Bible,  for  no  simple  monoclinic  form  cau  of  itself  enclose  njiaee. 
Fig.  16.  rid-aa.  rii,  w. 


:i.  .S.XA  AT  Triclitiif  Syilm 
,n  nliiuMi  com|ilt>te  wiuil  nfs' 
rix.  ».  urn  fimilor,  an 

ipletc  cry"l 
iUl  theiv  m 


Tliis  system  is  distinituislicd 
neiry.  Only  opposite  plune^ 
>vn  nitcli  pinne*  oon»liiute  a 
no  form.  Hvnoe  on  every 
[  bv  ui  JenBi  tlireo  simple  forms. 


We  may  n-fur  ilie  plnm-*  of  nny  crystal 
itiree  uiirquni  axes  hII  oblique  tn  encli  other, 
but  the  position  we  hmicii  to  thpro  i»  qiiil*  ar- 
bitrary, ami  they  have  therefore  little  Tiilue  as 
crvsinllogrHpliii!  elemeuts.     Fig.  28  reprenenl* 

f  sulphni'-  of  t--up|wr,  one  of  the  xory  few  cDlitanc>-« 

>lalli«  in  ilii*  •y»ictn. 


CRYSTALLISE  FORMS. 


143 


80.  Modificatiom  on  CrystaU.  —  Wlien  several  crystalline 
ronud  appear  on  lliti  same  crystal,  some  one  \i  UBUallj  more 
protninent  or  dominant  than  the  ruKt,  Hn<l  gives  to  the  cryatul 
iu  general  ft^pecl.  tlie  planes  of  the  aecunJarf  forms  only  apK 
penring  on  \U  edges  or  solid  angles,  wtiich  are  then  said  lo  be 
modified  or  replaced.  Tlma,  in  Figs.  20,  30,  and  31,  llie  solid 
anglifg  of  a  cube  are  replaced  (or  Irunfated)  by  tbe  faces  of  an 
OCluheUron ;  in  Fig,  32  the  edgea  of  the  (^ulw  are  replneird  by 
the  faces  of  tlie  dodecahedron  ;  in  Fig.  33  ilie  edges  of  the 
octahedron  are  modified  in  the  sume  way ;  and  in  Fig.  84  the 
solid  angle.'!  of  n  dtiib'eabedron  ore  replaced  by  the  faces  of  aa 


■H 

Fi.7    .H. 

■B 

H 

oplahedroii.  Tlio-i'  are  .nil  (orm*  nf  iho  isomelric  By-^lem.  and 
the  relations  of  ihf  simple  forms  to  each  other,  which  deter- 
mine in  every  case  the  paction  of  ihe  secondary  planes  will 
be  readily  t^en  on  comparing  logerher  Ihe  figures  already 
gWen  on  page  138.  These  figures,  like  all  crystallographia 
drawings,  are  geomeltical  projections,  and  represent  the  planei 
in  the  same  relative  position  towards  the  cryslalline  axes  which 
they  have  on  tbe  crystal  itself.  Moreover,  pince  in  all  figures 
of  crystals  of  this  sysiem  the  ases  are  drawn  in  absoltirely 
the  same  position  on  the  plane  of  the  paper,  the  same  face  has 
also  the  same  position  throughout. 

As   a   general   rule,  all  ike   iimtlar  parti   of  a   cry$fal  an 
simvhaneoutly  arid  nmilarli/  modified.     This  important  law, 
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which  U  a  pimple  inference  from  the  principles  already  stated, 

id  iUnttraled  hy  the  Bgures   jnat  given,  and   alM    by   Fig^ 

re-  B.  rt.  as.  ««.  n.  nc.  x. 


85  to  50.     Bj  carefullj  studjing  the«e  fIguKa,  m  well  ju  Fig!^ 
25  to  26  on  p«ge  142,  the  itodent  will  be  able  to  refer  each  of 


the  compoond  cryBtala  here  represenlMl  to  one  or  the  other  of 
the  iTstem*  of  Bjmmetrj  already  dewribed,  and  from  thia  and 


similar  practice  he  will  |pani,  better  than  from  any  deecrip- 
lionB.  how  dearly  the  modifications  on  a  ciyital  point  out  its 
cryslatlo'^ipbic  relations. 
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81.  Hemihednd  Fornu.  —  To  the  law  goTerniog  the  modi- 
fications of  crystals  just  stated,  there  ia  one  important  excep- 

F^.  *S.  «f .  47.  Ffg.  IS. 


tioD.     It  not  unfrequentlj'  happens  that  half  the  swiHar  parti 
of  a  eryttalare  modified  independeruly  of  the  otfier  half.     Thus 

F<s.  4S. 

Fig.  60. 


in  Fig.  51  only  one  half  of  the  solid  angles  of  the  cube  are 
troncated.     The  modifying  form  in  this  case  is  the  tetrahedron, 

Flf.  G3. 

rig.  EI.  ^^^^^^^^^^1 


Fig.  53,  also  a  simple  form  of  the  i,=ometric  system.  When 
all  the  solid  angles  of  the  cube  are  truncated,  the  modifying 
form,  as  baa  been  shown,  is  the  oclahedron,  and  the  relation 
which  the  tetrahedron  bears  to  the  octahedron  is  shown  by 
Fig.  52.  The  rhombohedron.  Fig.  54,  sUnds  in  a  similar  re- 
lation to  the  hexagonal  pyramid,  Fig.  55.     From  these  figures 
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it  u  evident  ihat  while  the  octaliedron  and  the  hexsgnnal  pjrs- 
mid  bave  all  tbe  pl4Utes  wliicb  perfect  sj-mmeiiy  require^  the 


tetrahedron  and  (he  rhombohedron  have  oo\y  half  the  number, 
and  in  rTyab>1logrHi)hy  all  form*  which  bear  a  similar  relation 
to  the  forms  of  perfect  symmetry  are  said  to  lie  AwmTiedral, 
while  the  forma  of  perfect  itymmetry  are  distinguished  a-  ko/<>- 
hedral.  The  h<-mihe<lral  fonns  are  qntle  nnineroaa  in  ^1  tbe 
■yitens,  but  with  the  exception  of  the  tetrahedron,  rbombobe- 
droD,  and  scalenobednm  (Fig.  17),  Ihej  seldom  appear  except 
■s  modifying  planes  <m  the  edges  or  solid  angles  of  the  more 
perfect  formn.  As  a  general  rule,  tbey  are  easily  r«cc^iied, 
but  not  unfrcquently  they  give  to  a  crystal  the  aspect  of  a  dif- 
ferent system  from  ihat  to  which  it  really  belongsi,  and  may 
lead  to  fiilse  inferences ;  but  these  can,  in  mo^t  cases,  be  cor- 
rected by  a  careful  Nttidy  of  the  interfacial  angles. 

82.  Identity  of  CryitaBitu  Form.  —  As  htis  already  been 
Mated,  every  substance  !■  marked  by  certain  pecnliaritieB  of 
outward  form,  which  are  among  its  most  essential  qoalities,  and 
we  most  next  learn  in  what  these  peculiarities  consisL  As  a 
gener^  rule,  the  same  substance  crystallizes  in  the  same  form, 
but  under  urfusual  drcumstances  it  frequently  appears  in  other 
femu  of  the  same  syitem.  Thus  fluorapar  is  usually  fbtind 
ciyfttallized  in  cubes,  but  ia  large  collections  crystals  of  this 
mineral  may  be  seen  in  nimoat  all  the  holobedral  forms  of  the 
iaometric  system,  including  their  numerous  combinations.  In 
like  manner  common  salt  usually  crj'siallizes  in  cubes,  but  out 
of  a  solution  nintaining  urea  it  frequently  cryNtallizes  in  octa- 
hetlrons.  Mon-over,  the  same  principle  holds  true  in  regard 
to  Hub^tnnces  cTyi>taIlizing  in  other  syMems,  most  of  whoae 
forms  never  appear  except  in  combination.     Thus  the  mineral 
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quartz  generally  shows  the  simple  combination  represented  in 
Fig.  4  ;  but  more  tban  one  hundred  other  forme,  all,  however, 
belonging  to  the  same  system,  have  been  observed  on  crystals 
of  this  well-known  substance.  So  also  the  crystals  of  gypsum, 
augite,  and  felspar,  in  most  cases  present  the  forms  already 
figured  on  page  142,  although  other  forms  are  common,  which, 
however,  in  each  case  all  belong  to  the  same  crystalline  system. 
We  never  find  the  same  substance  in  the  forms  of  different  sys- 
tems except  in  those  cases  of  polymorphism  already  described, 
page  135,  where  the  differences  in  other  properties  are  so  great 
that  the  bodies  can  no  longer  be  regarded  as  the  same  substance. 

Among  substances  crystallizing  in  the  isometric  system  the 
crystalline  form  b  not  so  distinctive  a  character  as  it  is  in  other 
cases.  In  this  system  the  relative  dimensions  are  invariable, 
and  the  octahedron,  the  dodecahedron,  and  the  cube,  more  or 
less  modified  by  different  replacements,  are  the  constantly  re- 
curring forms.  Even  here,  however,  specific  differences  may 
at  times  lie  found  in  the  tact  that  some  substances  affect  hemi- 
hedral  forms  on  modification,  while  othen  do  not  In  all  the 
other  systems  the  dimensions  of  die  crystal  (the  relative  lengths 
of  its  axes  and  the  values  of  the  interaxial  angles)  distinguish 
each  substance  from  every  other.  But  here,  also,  the  general 
statement  must  be  somewhat  modified. 

We  frequently  find  on  the  ci7Stals  of  the  same  substance 
several  forms  having  different  axial  dimenuons.  Thus,  on  the 
crystal  represented  by  Fig.  56,  belonging  to  the  tetragonal 
system,  there  are  three  different  octahedrons,  and  three  cor- 
responding values  of  the  vertical  axis.  But  if,  beginning  with 
the  planes  of  the  octahedron  0,  we  determine 
the  ratio  which  its  vertical  aiis  bears  to  the  ryg.te. 

common  length  of  the  two  lateral  axes,  and 
call  this  value  a,  we  shall  find  that  the  cor- 
responding values  for  the  two  other  octahe- 
drons are  2a  and  fa  respectively.  More- 
over, if  we  extend  our  study  we  shall  also 
find  that  this  example  illustrates  a  general 
principle,  and  that  the  ciyttaUine  formi  of 
a  ffieeti  tubitanee  include  not  oniy  ihou  of 
idmtiad  axial  dimentioru,  hut  alto  thote  vhote  dimentior 
to  aach  othtr  tome  nmph  ratio. 


Ii8  CST5T 


This  moet  important  law  gtm  to  th«  scienee  of  qyittanog- 
imph  J  a  matbemariral  b»8y  and  enables  us  to  appl j  the  exhans- 
tive  methods  of  analytical  gecmecrj  in  discnsBing  the  Tarioas  re- 
lations of  the  subject.  Among  the  actnal  fonns  of  a  given  sab- 
stance  we  fix  on  some  one  as  the  fandamencal  fonn,  and,  taking 
the  Taloes  of  its  axial  dimensiops  as  our  standards,  we  are  able 
to  express  the  position  of  the  planes  of  all  the  possible  fonas  bj 
means  of  very  sim{^  sjmbolsy  and  also  to  express  bj  math^ 
matical  formabe  the  relations  of  the  inter&cial  angles  to  the 
same  fundamental  elements  of  the  crystal;  so  that  the  one 
may  readily  be  calculated  from  the  other. 

It  may  seem  at  first  sight  that  the  orystallographie  ^stinctioo 
between  different  sobstances,  in^sted  on  abore,  is  greatly  ob* 
scared  by  the  important  limitations  jost  made.  But  it  is  not 
so,  at  least  to  any  great  extent.  The  selection  of  the  fonda- 
mental  form  of  a  given  sabstance  is  not  arbitrary,  althoogh  it  is 
based  on  consideratioos  which  it  lies  beyond  the  scope  of  this 
book  to  discuss.  Moreover,  an  error  in  this  choice  is  not  fon- 
damental,  since  the  true  cooceptioo  of  the  form  of  a  substance 
includes  not  only  the  fundamental  form,  but  all  those  which  are 
related  to  it.  This  conception,  though  not  readily  embodied  in 
ordinary  language,  is  easily  expressed  by  a  general  mathemat- 
ical formula,  and  is  as  tangible  to  one  familiar  with  the  subject 
as  the  general  statement  first  made. 

But  however  obscure,  to  those  who  are  not  familiar  with 
mathematical  conceptions,  may  be  the  distinction  between  the 
forms  of  different  substances  in  the  same  system,  the  difference 
between  the  different  systems  is  clear  and  deBnite,  and  it  is 
with  this  broad  distinction  that  we  have  chiefly  to  deal  in  our 
chemical  classification. 

83.  Lrregularitiu  of  Crystals.  —  It  must  not  be  supposed 
that  natural  crystals  have  the  same  perfection  of  form  and 
regular!^  of  oatline  which  our  figures  might  seem  to  indicate. 
In  addition  to  being  more  or  less  bruised  or  broken  from  aod- 
deotal  causes,  crystals  are  rarely  terminated  on  all  sides,  —  one 
•r  more  of  the  faces  being  obliterated  where  the  crystal  is  im- 
planted on  the  rock,  or  where  it  is  merged  in  other  crystals. 
Bat  by  far  the  most  remarkable  phase  which  the  irregularities 
of  cryitals  present  is  that  shown  by  Figs.  57  to  67.  By  com- 
paring together  the  figures  which  have  been  here  grouped  to- 
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gether  on  the  page,  and  wbich  represent  in  each  case  different 
phases  of  the  same  crystalline  form,  it  will  be  aeen  that  the 
}  from  the  normal  type  are  caused  bj  the  undue  de- 


m 


velopment  of  certain  plaaes  at  the  expense  of  their  neigbbon, 
or  by  an  abnormal  growth  of  the  crystal  in  some  one  direction. 


Such  forms  as  these,  however,  although  great  departures 
&om  the  ideal  geometrical  types,  are  in  perfect  harmony  with 
Hg.  az. 


the  principles  of  crystallography.     The  axis  of  a  crystal  is  not 
a  definite  line,  hut  a  definite  direction ;  and  the  face  of  a  crystal 
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iH  111)1  fi  [>1iiiH!  of  definiie  size,  but  eitnpl;  aa 
ilnliiiilt^  iliri'i'tiouiu     These  directions  are  the  onlj 
uliiiiic'iitH  1)1'  a  cryslolliue  fono,  and  they  are  preaerred 


viK  a. 

1 

FiR.  eo. 

1 

mo. 

m- V. 

■ 

kll  •viiiiliiiiiii-,  RM  in  jinivi'il  br  the  ronstani'y  of  the  inierfacid 

iiiitrirn,  iiml   iil'  lh«   iiKMliririllkiiis  oil  crvMala  of  Uie  same  Hib- 

kiiiiiri',  hiinctcr  irrfiiuinr  may  have  bocu  the  developmenL 

i-i.    Tifin  t'rg^iih. —  V.wty  <Trslal  appeara  to  grow  by  the 

rl"»  r r<-riitii  itf  ii)iiti>ri:)l  Hrnuml  lioine  nucleus,  which  iiUBiiallj 

B  iii'ii'-'iili-  or  a  KDHiji  (if  iiiiilffiilc^  of  the  »iDe  ubatance,  and 
nlii'li  w>-  way  i-ull  llii>  iTvsii)IIiiio  molecule  orgemi.     Nowm 

111  1 1  I.  :-ii)ifiii>ii  iluii  iliiw Ici-iilt"^  hi^-e  the  same  diSbrenoea  oi 

il.fl-  i.iil  Kiil<-M  M'hii'li  wi-  )■>■,■  ill  (lie  fully  derelnped  crystal, and 
wl.j-  li.  (Jir  lliK  H'liiit  of  n  lii'tt>T  ti-rm.  we  may  call  polarity.  Aa 
a  (ri'ii'Mil   nil'',  in   the  iif.'<;re;;iilii>n  of  ihc  molcculea  a  perfect 

l.uiiilli-li- full  thr  xiiniliir  )iiirii>  iit  piv^ervt.-d.    But.  if  mole^ 

iil;it  ji-.laiiiy  (ii  (ill  riM-iiililcH  inui^neiic  poliirity,  it  may  well  be 
iliiii  Fwr,  11  v-tiillitiii  miileeiili'S  mi;:ht  beoome  attached  to  each 
'••I.' I  ill  II  M'vi'i-'xtil  (HiHitiim,  or  in  Komc  other  definite  pwiiion 
•l-i-iiiiiiii'tj  \,y  ilin  iirtioriof  ilie  jiohr  (i>rce«.  Aisume  now  that 
•  •■  li  >.(  itii-i:  eryolalliiie  moli  cule.t  "  )*erminale«,''  and  the  result 
vi'.'.l-l  )m'  niiih  twill  crvoliiUnM  wi-  net iinlly  find  in  nature.  The 
I'  'ill  M  ii>iiully  ihi)  f^uiM-  II*  if  n  rrystal  of  the  narmal  fiinn 
M'  >■  'III  ill  lwi>  liy  II  jiliiiie  li:iiiii<:  a  definite  pwition  towards 
i(.>  Mjatiilliiic  KMi-H,  mill  line  |iiirt  tiimi-d  half  round  on  the 
'I'l.i  I  .  mill  iwiiiH  of  lirH  kiiiil  are  tliervfiire  railed  hemitropea. 
I  ■:"  I  4  ti>  71.  At  iiili'T  tiiiii'H  the  frerminal  molecules  seem 
K.  )..■'.•'  I.'i'fitiic  iii(:ii'li>-il  with  their  dimiinant  azea  at  right 
aiiKli'  i>.  •-i|i')i  iiiher,  mid  tlii-ii  then-  rexull  tn-ins  eucb  as  are 
ra|iri-'<' titled  ill  l''i;;^.  7i  ami  73 ;  aud  many  other  modi-a  of  twin- 
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ning  are  possible.  Some  substaiioeB  are  much  more  prone  to 
the  formatioo  of  twin  ciystals  than  others,  and  the  same  suh- 
stance  generally  affects  the  eame  mode  of  twinning,  which  may 


mponaot  specific  character.    The  plane  which 
separates  the  two  members  of  a  twia  crystal,  called  the  plane 

wig.  72. 


of  twinning,  has  always  a  definite  position,  and  is  in  every  case 
parallel  either  to  an  actual  or  to  a  poesible  face  on  both  of  the 
two  forms. 

Twin  crystals  always  preserve  the  same  symmetry  of  group- 
ing, and  the  values  of  the  inler&cial  angles  between  the  two 
fonns  are  constant  on  crystals  of  the  same  substance,  so  that 
they  might  sometimes  be  mistaken  for  simple  crystals  by  un- 
practised observers.  There  is,  however,  a  simple  criterion  by 
which  they  can  be  generally  distinguished.  Simple  ciystala 
never  have  re-entering  angles,  and,  whenever  these  occur,  the 
faces  which  subtend  them  must  belong  to  two  individuals. 

The  same  principle  which  leads  to  (he  formation  of  twin 
crystals  may  determine  the  grouping  of  several  ^rminal 
molecules,  and  lead  to  the  formation  of  lar  more  complex  com- 


<aysFr^<.i,;a&  nsas. 


aoieeaiei  arranae  •tinn*riy*a  in  x  hm  widi  diesr  ormispal 

x&a^  -Mrinpi  and  dieir  iuomilar 

Toit  inear  ^rnup* 'ir  tTT^nua  jLtemacai^iii  TiiiriM,  jbc  a 
■ek  <xiier  ai  ai  Itavc  no  eridiaiee  'jr  tiie  ^sampoBie 
exmic  die  ce-^oiisnic  ^—gw**^  ani  7«qnesiiT  xbts 

TBTkwi  •miy  bv  dm  -ai  'MJiMf^  ob.  die  -Mfkrp  ur  die  osHitno^ 

c&e  reaoMn*!  ^Dratiuii 

•if  .fiann<?giin.     X!ie  irdiudaK 

tiahngTitthtat  in  :iii2Y  va^. 

^b^  CrymtuLmtt  StrmenBrm. — Tbe  cTjmallinm  tbcn  «]r  a  bnir 
is  iHiiv  one  *ii  die  iiinniie<cadini:»  •if  us  -mrsiBfline  ittQcmrB.. 
TliiB  jiao  aoot^ars  in  Taciooi*  physiai  prjp**!-ieaw  ▼imai  are  ire- 
■im^ncT  -It"  ^r^tu  raliie  in  ^^rrng-  an*  •rr^^'sCiiliJsr'aijiiic  Ruuauos 
'if  a  iobiKi^uut*.  inii  neh.  »  tfawioaJy  die  v3s«  w!iihl  >jn  ai> 
o:iiii£  ''A  rie  mp»^-**M!Ci?n  -jf  die  ■2"7'?CiL«w  oie  rTT^cailine  rbm  s 
ticiis«nir>>.     Cif  loifse  piij^iaL  ^mmcii:*  joe  uf  liM  objsc  onpop^ 

As  a  2»fltfral  mie.  erjsciIILKii  bmiie^  may  be  spoc  Bure  im 
reaixlT  in  ^nfrsftin  iednifie  •ii£«*i:t:ijii&  ^a^Ied  piaias  <if  dea:r- 
j^  w!iD*a  are  alwaj^  par!tII«H  eidier  13  an  actnal  or  tti  a  poe- 
iiLat  iMot  OQ  cae  «rnr«ciL>  }t  uie  -mofrCUBLn^.  jiai  are  dios  inti- 
naRiT  aiianrfiri'^i  vidi  is  ct^rs&tllin*;  ^trtamrew  JLr  tana  ^e 
r-LeavvT^  i:»  verr  <;a:Kl^  oociineu^  woen  ic  ss  siai  ft>  be  tmmmtmL 
a^  c  ibt  eL?e  <?f  BUi.-a  or  £77i!=Qxn»  «3ic!L  can  r^taiHj  be  split 
i-.io  exeihe^ir^^lT  diia  lea^^Jds.  wiile  -n  -xiier  cfe<«»  it  can  ooIt 
be  c^Ktiei  c  T  us^ii:;^  s».Miie  sharp  ^.VL  aoi  as?et^^:r  ctxKaiiietable 
»ev"Lin:.!al  <;-rre-  W^ti  a  >ew  azanr<i?ranc  ei^.^frcsoos  die 
d«*^Ar^  r  ia-»rf  iAT^  li^*  fase  ro«cii:a  on  a.*I  >i>fv*ia»fa»  of  :he 

rVav^i  pam:>l  !o  xh-f  tiaicr^  ct'  aa  ^vtA^t-r-.-ti.  Fiz-  3.  txn.*?e  of 
^a^ia  pura-'Vl  :>  :ce  ibcifs  of  a  oibe,  F^r-  T.  :&•>«  of  I4eiide 
paralk-l  !o  ih-^  :a-rs  of  a  d>3*vabf*^i:x«.  Fj^.  fx  aai  dio«e  of 
Cftlc'-'far  panlV:  t  >  the  £tofw  of  a  r^HaMi^^>in?ck  Fi«.  1<SL  In 
t-<^.  a5>i  in  manr  ofJier^  tbe  ci^araie  t»  a  BKwe  dtstinc* 
thMrMCer  tbma  ttie  rxtemal  Kvtt^,  aco  eta  H*  more  tnd- 
ffy  ob-*rrwL  and  we  prtH^nillT  nf^ptri  the  K>raa  prodoopd 
e  wiioQ  of  tbe  ftTTefml  piam^  of  ckara^e  as  tike  fonda- 
4  Ibrs  of  tlie  sohaance. 
■^  wt  alvajy  find  thai  dean^  i<  i^hca:ne«l  vith  equal 
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ease  or  difficulty  parallel  to  similar  faces,  and  with  unequal 
ease  or  difficulty  parallel  to  dissimilar  fyices.  Moreover j  the 
dissimilar  cleavage  faces  thus  obtained  may  generally  be  dis- 
tinguished from  each  other  by  differences  of  lustre,  striation, 
and  other  physical  character;  and  such  distinctions  are  fre- 
quently a  great  help  in  studying  the  crystallographic  relations 
of  a  substance.  Similar  differences  on  the  natural  faces  of 
crystals  are  also  equally  valuable  guides. 

But,  of  all  the  modes  of  investigating  the  crystalline  structure 
of  a  body,  none  can  compare  in  efficiency  with  the  use  of  polar- 
ized light  It  is  impossible  to  explain  the  theory  of  this  beau- 
tiful application  of  the  principles  of  optics  without  extending 
this  chapter  to  a  length  wholly  incompatible  with  the  design  of 
this  book.  It  must  suffice  to  say,  that  if  we  examine  with  a 
polarizing  microscope  a  thin  slice  of  any  transparent  crystal  of 
the  second  or  third  system,  cut  perpendicular  to  the  dominant 
axis,  we  see  a  series  of  colored  rings,  intersected  by  a  black 
cross,  and  it  is  evident  that  the  circular  form  of  the  rings 
answers  to  the  perfect  symmetry  which  exists  in  these  systems 
around  the  vertical  axis.  If,  however,  we  examine  in  a  similar 
way  a  slice  from  a  crystal  of  one  of  the  last  three  systems,  cut 
in  a  definite  direction,  which  depends  on  the  molecular  structure, 
and  must  be  found  by  trial,  we  see  a  series  of  oval  rings  with 
two  distinct  centres,  indicating  that  the  symmetry  is  of  a  dif- 
ferent type.  Moreover,  the  distribution  of  the  colors  around 
the  two  centres  corresponds  in  each  case  to  the  peculiarities  of 
the  molecular  structure,  and  enables  us  to  decide  to  which  of 
the  three  systems  the  crystal  belongs. 

The  use  of  polarized  light  has  revealed  remarkable  differ- 
ences of  structure  in  different  crystals  of  the  same  substance, 
connected  with  the  hemihedral  modifications  described  above. 
The  Figures  74  and  76  represent  crystals  of  two  varieties  of 
tartaric  acid,  which  only  differ  from  each  other  in  the  position 
of  two  hemihedral  planes,  and  are  so  related  that  when  placed 
before  a  mirror  the  image  of  one  will  be  the  exact  representa- 
tion of  the  other.  The  intermediate  Figure,  75,  represents  the 
same  crystal  without  these  modifications.  /  Since  the  solid 
angles  are  all  similar,  we  should  expect  to  find  them  all  modi- 
fied simultaneously ;  but,  while  on  crystals  of  common  tartaric 
acid  only  the  two  front  angles  (as  the  figure  is  drawn)  are  re- 
placed, a  variety  of  this  acid  has  been  discovered  having  simi- 
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lar  crjsuk,  whose  EMck  ao^  00)7  are  modified.  Koir,  h  is 
round  UmI  a  solniMO  rf  the  eoaunoa  add  routes  the  plane  of 
polaiicatkn  of  a  beam  of  li^  lo  the  ri^tl,  while  a  amilar  to- 


ne. T«. 


lotion  of  ihi.'  reinnrkahle  varirtv  nir;iI>-9  ihe  plaoe  of  poUrisa- 
tion  lo  i)te  left.  Tlii«  ditfiTenct?  ol'  crvsiaHintr  ptnictare,  more* 
orer,  is  a.-v«ocialed  witb  <«rtaiD  »ma]l  diffVrtnci^  in  the  chemi- 
cal qualities  of  ibt^  tiro  bodies ;  but  tbe  diflVivnce  is  so  ^igfat 
that  we  cannot  but  regard  them  a^  es.<eniuillv  tbe  same  eub* 
nance,  and  tbe  polarized  ligbi  ibus  revtmU  to  ua  ihe  b^nnings 
v[  a  difference  of  stnicture.  which,  wiien  more  developed,  mani- 
feats  itself  in  the  pheDomeDa  of  iMmeri.sm.  It  is  a  remarkable 
fad,  worthy  of  notice  in  this  connection,  that  these  two  varieties 
of  tartaric  acid  cheraicall;  combine  with  each  other,  forming  a 
new  robetanoe  called  rscemic  acid. 

Qutstions. 
1.  Bj  what  peenliar  tnode  of  STininetrf  maj  each  of  the  tis  citi- 
talline  >yNeiiw  be  diMinguisbed  "!  How  ma}'  crjrsub  belonging  to 
Um  lit  i^Hem  be  rvcogniied  ?  IIow  di»-  crystal*  of  tbe  2i1,  Sd, 
and  4tb  sjitem*  be  iliatingaiihed  by  studying  the  dislribution  of 
the  nimlUr  planes  aroani)  tbeir  terminAlious  or  dominant  axes  ? 
B/  what  peculiar  distribulioo  of  nnilar  planes  nmy  the  crystals  of 
tbe  Slh  and  6lh  systems  be  ditljn^lahed  from  all  others '/  Stale 
tbe  systvm  to  whiob  each  of  the  cri-itals.  represented  by  tbe  various 
Bgnrea  of  this  chapter,  belongs,  and  give  tbe  reasoo  of  your  answer 

S.  We  find  in  tbe  minenl  kingdom  two  different  octahedral  fenoa 

*Hanic  acid  belonging  to  the  tetragonal  system.     In  one  of  tboM 

te  ratio  of  the  nneqnal  axes  is  1  :  0.6443,  in  the  other  it  it 

I.     Can  thcM  fctm  batong  to  tbe  same  mineral  snbetanee  ? 
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86.  General  Principles.  —  If  in  a  vessel  of  dilute  sulphurio 
add  (one  part  of  add  to  twenty  of  water)  we  suspend  a 
plate  of  zinc  and  a  plate  of  platinum,  opposite  to  each  other, 
and  not  in  contact,  we  find  that  no  chemical 
action  whatever  takes  place,  provided  the 
zinc  and  the  acid  are  perfectly  pure.  As 
soon,  however,  as  the  two  plates  are  united  hy 
a  copper  wire,  as  represented  in  Fig.  77,  chem- 
ical action  immediately  ensues,  and  the  follow- 
ing phenomena  may  be  observed.  First : 
Bubbles  of  hydrogen  gas  are  evolved  from  the 
surface  of  the  platinum  plate.  Secondly: 
The  zinc  plate  slowly  dissolves,  the  zinc  comUning  with  the 
radical  of  the  acid  to  form  zincic  sulphate,  which  is  soluble  in 
water.  Lastly :  A  peculiar  mode  of  atomic  motion  called 
electricity  is  transmitted  through  the  copper  wire,  as  may  be 
made  evident  by  appropriate  means.  If  the  connection  be- 
tween the  plates  is  broken  by  dividing  the  conducting  wire, 
the  chemical  action  instantly  stops,  and  the  current  of  elec- 
tridty  ceases  to  flow ;  but,  as  soon  as  the  connection  is  renewed, 
these  phenomena  again  appear. 

Similar  effects  may  be  produced  by  other  combinations  than 
the  one  just  mentioned,  provided  only  certain  conditions  are 
realized.  In  the  first  place,  the  two  plates  must  consist  of 
materials  which  are  unequally  affected  by  the  liquid  contained 
in  the  vessel,  or  cell ;  and  the  greater  the  difiference  in  this 
respect,  within  manageable  limits,  the  better.  In  the  second 
place,  the  materials,  both  of  plates  and  connector,  must  be  con- 
ductors of  electricity  ;  and,  lastly,  the  liquid  must  contain  some 
substance  for  one  of  whose  radicals  the  material  of  one  of  the 
plates  has  sufficient  affinity  to  determine  its  decomposition  un- 
der the  conditions  present     Such  a  combination  is  called  a 
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rdtatc  CdL  TV  mode  of  MtioD  of  tliii  n 
Hnee  iu  fint  diseorerr  has  been  a  subject  of  eootrorcRj,  ii 
TCfj  obscore,  but  the  foDoving  dieorj  giTes  an  imeOigSile  ex- 
pluatkio  of  the  g<eneiml  phenomena,  and  mar  serre  a  asefid 
porpoie  nntfl  greater  eeitainlj  can  be  attained. 


of  ma^aeuam  hxrt  made  mt  bmSSar  miA 
txmdMXifjm€d  matur  ve  cmil  fmiar^,  m  vfakch  bodiei 
tmriff  kac^TB  mm  ytiar  ^jrou    The  <  harai  irnaici  of 

1.'  Tie  «w^  udUrlly  fmcatrdtd  ai  ^fpomie  ftadM  o/"  tlg^ariawrf  lad^ 
caBtd  iCf  MM*.     2.  Tie  /«ms  dlijrer  w  lnW  u  jo  /or  fiotf. 


€ribr«Bef,  WotmifM  T*pd  ersdk  uJLer,  aad  xkHe  mMtkf  poU*  memtrauat^  Hbe 

«fldUr  «■  fibf  »i«kf  or  a  ma^iiariag  boif,  amd  in  tvtry  ptiar  mfif^em  it 


^  ^  ti^.  foUtr  awrya^J  of  mtt  kimd  it  eradif  ^tipaat  U>  tkai  of  di/am  ttf  tkt 
^fimiit  ktma,  4.  A  f^arisnd  bodif  imdmoa  a  sfwuiar  Mate  ia  Oi  mea^' ' 
Ua^  muoepuJUt  of'  du*  romdiiiom,  a  pole  of  a  piven  kimd  d^ermimiaf 
l»  iUdf  a  uJjt  o/^tim  '^,^tite  kittd.  5.  ImdmetJcm  is  aOemded  wridk  ao 
eatTTjf  ia  Ae  iaamrim:  body,  kiU««  comditiom  isjh^wntijf  esaked  l^id^  r 
if  die  iadmted  ydnrdy.  6.  Polarity  oj^ean  of  di^erad  kimds  at  axU  at  m 
diftmai  daunts :  O^t  f^f^mama  of  aaagaetie^  atettncal,  amd  (keaucai  pelaritf^ 
maa^  mmtHfir  ia  d^ir  p^j^ral  f^fiatmnt,  diff&iag  jcid^y  ia  diitir  modes  ofmimm' 
^iK^aLtfja.  T.  .>«U^ajK>«  dtif^r  from  eaok  cAer,  aat  aaijf  ia  tktir  smacqptibdibf 
Uf  f0Aar\ty  of  aam  yirta  load,  bat  also  ia  tkeir  power  €if  Tttaiaiag  it.^ 

Tbe  fmj  of  iLi*  c1a»4  of  pbeootDciui  has  shown  tk&t  tbe  enei^  maa- 
ififiittd  br  ycAaixuA  bodies  is  alwaji  tbe  dibct  of  an  attnction  or  rqml- 
uua  between  poles,  and  that  vbeoeTcr  tber  appear  to  act  on  a  Dentral 
bodj  the  last  is  always  fint  poUriied  hx  induction.  Tbos  tbe  nails 
mttntxtd  \tj  a  maenet  or  the  straws  attracted  br  an  ekctrificd  sdck  of 
•eaiing-wax  a/e  all  in  a  polar  condition.  A  borseshoe  maf^net,  witk 
its  hbtya  attached,  ailbrds  a  familiar  illnstration  of  these  principka,  which 
will  aid  Bs  in  expUinin;:  the  more  obecnre  phenomena  of  the  Voltaie 
criL  The  horKsboe  maenet  was  onpnalij  polarized  br  induction,  and 
•iDce  it  is  made  of  hardened  steel  retains  its  mafrneti«m'  Tbe  aoft-iroa 
keeper  while  in  contact  with  tbe  macnrt  is  as  tmlr  polariwd  as  tbe  steeL 
It  has  a  north  pole  in  contact  with  the  sooth  pole,  and  a  sonth  pole  in 
contact  with  the  north  pole  of  the  mapiet.  Bat  the  moment  it  is  with- 
drawn, all  its  poUrttT  disappears.  Atrain,  while  tbe  majmenc  circait,  as 
we  call  it,  is  clo«ed.  the  ketrper,  br  rcactitij^  on  the  touxxx  of  power,  pppatlr 
enhaooes  the  energy  of  tbe  mainiet,  which  will  lift  a  mnch  ^rreater  weijHit 
ffpcndcd  from  the  keeper  than  it  can  when  the  two  noles  act  separatelj. 

flf.  77  a,  LastI  V.   it   we   break  a  stwl 

_  — •♦•       msimet.  I'sch  of  the  parts  will 

^  befoand  t«>bemaime.ixedwitb 
poles  relitivclv  ^itllated  a>  is 
shown  iti  Fi;:.  77  a,  and  :^inoe 
this  relation  of  parts  is  pre- 


1  TVr»  mar  \^  •rrfral  pole«  on  tbe  same  mas«  of  matter,  and  the  polarItT 
wmy  be  rerr  irrviralariT  dtstnbatcd.  Such  is  rrequently  the  condition  of  th« 
kpd«-4itona  cc  of  a  t'eel  bar  irreiralariT  ma^n^ized. 

<  fm  examole,  tiM  metals  iron,  nickel,  and  cobalt,  with  a  few  of  their  eom- 
pfinnds,  are  tbe  onlr  snbttaoeca  »nscepcible  of  msfpietic  polaritr  to  a  hig;h 
decree.  AipOn,  a  hardened  rteel  bar  r«f  ains  the  poir  condition  more  or  lass 
nermaneotljr  aa  ia  the  common  roacnet,  bat  soft  iron  Ioms  its  magnetic  rirOio 
it  tht  indnring  canss  caascs  to 
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served,  however  far  we  may  cany  the  subdivision,  we  are  led  to  the  concln- 
sion  that  the  polarity  is  a  wim  n  b 

quality  inherent,  not  m  the      .^  .-^  .-^  .-^  JI!*!JJ  ^  .-^  .-^  ^^  ^^ 
gar  J  a  whole.bnt  in  the     €€€€€€€€€€€ 


selves  as  the  condition  of  a      ^£)€^£^^^^£)€^€^€^ 
magnetized  bar  that  which      W>'^y^>'^^^>'m>'m>'mym>'m>'^>' 

is  rudely  represented  in  Fig.  77  b. 

Theory  oj  Chemical  Polarity .  As  the  molecules  of  iron  may  be  mag> 
netically  polarized,  we  infer  that  the  molecules  of  all  substances  are  sus- 
ceptible* of  different  polar  states,  and  we  conceive  that  chemism  ^  is  a 
manifestation  of  a  molecular  condition,  which  we  may  distinguish  as 
chemical  polarity.  It  must  be  remembered,  however,  that  we  do  not  un- 
derstand  the  canse  of  the  differences  in  the  various  modes  of  polar  energy; 
and  in  saying  that  the  molecules  of  matter  may  be  chemically  polarized, 
we  mean  merely  that  they  are  susceptible  of  a  condition  whose  general 
features  have  been  indicated  above.  Our  theory  further  assumes  that 
with  some  molecules  the  polarity  is  inherent  and  therefore  permanent, 
while  with  others  it  can  only  be  induced  by  extraneous  causes.  These 
last,  however,  may  become  polarized  by  induction  to  as  high  or  even  a 
hi^'her  degree  than  the  first,  but  the  condition,  like  that  of  an  electro- 
magnet, is  transient,  varying  with  the  inducing  cause.  Again,  as  every 
analogy  would  lead  us  to  believe,  our  theory  further  assumes  that  different 
substances  are  susceptible  of  chemical  polarity  (whether  it  be  inherent  or 
assumed)  to  very  different  degrees,  ana  that  the  susceptibility  varies  un- 
der different  conditions.  Lastly,  our  theory  supposes  that  the  chemical 
activity  of  a  substance  depends  on  the  degree  of  polarity  inherent  in  its 
molecules,  and  it  refers  the  well-known  active  qualities  of  acids  and 
alkalies  to  the  fact  that  their  peculiar  constitution  renders  their  molecules 
strongly  polarized,  while  the  inert  qualities  of  most  of  the  elementary 
substances  is  explained  by  the  neutral  condition  which  their  homogeneous 
structures  woula  naturally  produce  in  their  molecules.  Thus,  for  exam- 
ple, we  suppose  that  every  molecule  of  sulphuric  acid,  H^SO^y  or  of  hy- 
drochloric acid,  H'Q,  or  of  sodic  hydrate,  H-NaO,  is  naturally  polarized, 
while  on  the  other  hand  the  molecules  of  zinc,  Zn,  of  magnesium,  Mg, 
of  hydrogen,  H-H,  and  of  oxygen,  0^0,  are  all  normally  neutral.  As 
soon,  however,  as  we  place  zinc  in  contact  with  dilute  sulphuric  acid, 
the  metallic  molecules  become  polarized  by  induction  to  the  degree  of 
which  they  are  susceptible  under  the  influence  of  this  acid.  A  powerful 
attraction  is  thus  developed  and  a  familiar  chemical  change  is  the  result. 
If  magnesium  is  treated  in  a  similar  way,  the  action  is  more  energetic, 
because,  as  we  suppose,  the  molecules  of  this  metal  are  susceptible  of  a 
higher  degree  of  polarity,  and  the  force  developed  is  therefore  proportion- 
ally stronger.  On  the  other  hand,  with  metallic  cojmer  there  is  no  action 
under  the  same  conditions,  because  the  molecules  of  the  metal  do  not  ac- 
quire a  sufficient  degree  of  polarity  to  determine  chemical  change.  ^ 

While,  however,  3ie  molecular  structure  appears  to  be  the  most  impor- 
tant, it  is  evidently  by  no  means  the  only  cause  which  determines  chemical 
polarity.  The  highly  active  qualities  of  the  alkaline  metals  and  of  the 
chlorine  group  of  elementary  substances  indicate  that  their  molecules, 
although  apparently  homogeneous  in  structure,  must  be  permanently 
polari^.  Moreover,  the  fact  that  a  high  degree  of  energy  is  developed 
in  many  of  the  elemenury  substances,  as  in  oxygen  gas,  bv  a  simple  ele- 
vation of  temperature,  and  the  general  principle  that  neat  hastens  chem- 

1  This  term  is  synonymoos  with  the  old  term  chemioal  ajimty,  to  which  it 
it  00  many  accounts  to  be  preftrred. 
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ical  chants,  ieem  to  indicate  that  the  polar  condition  may  be  trequeotij 
prodaced  by  this  agent  alone.  So  also  the  process  of  photography  u 
most  simply  explained  by  the  theory  that  the  sun's  rays  excite  a  similar 
condition  in  the  silver  compounds  on  the  surface  of  the  sensitive  plate^ 
and  the  tfbcX  of  oontinuons  electrical  discharges  in  converting  oxygen 
gas  into  that  peculiar  acti^  modification  of  this  substance  called  ozone, 
may  be  rcgaraed  as  a  diredPresult  of  their  polarizing  power. 

Thecry  of  Electricity.  The  study  of  the  phenomena  of  optics  has  led 
physicists  to  the  concmsion  that  there  exists  throughout  space,  filling  not 
only  the  interplanetary  but  also  the  intermolecular  spaces,  a  highly  atten- 
uated but  at  the  same  time  wonderfully  elastic  medium  which  is  called 
the  ether  (92).  Again,  the  phenomena  of  heat  indicate  that  the  molec- 
ular forces  have  an  energy  which  is  adequate  to  cope  with  this  very  great 
elasticity ;  and  we  can  conceive  that  they  condense  around  these  molecules 
greater  or  less  quantities  of  this  ether,  thus  giving  to  each  a  distinct  at- 
mosphere, but  one  which  merges  into  that  universally  difiused  medium 
in  wnich  molecule  and  planet  ^ike  float  Now  our  theory  supposes  that 
electrical  phenomena  are  caused  by  disturbances  in  the  composition  of 
these  ethereal  atmospheres.  The  electrical  ether,^  as  we  assume,  consists  of 
two  separable  materials,  which,  adopting  names  long  used  in  science,  we 
will  call  positive  and  negative  or  vitreous  and  resinous  electricities.  In 
all  the  terrestrial  region  of  the  solar  system  at  least  these  electricities  are 
blended  in  certain  definite  proportions,  like  the  constituents  of  the  earth's 
atmosphere,  but  by  various  causes  they  may  become  separated  and  more 
or  le!«s  isolated  either  on  the  same  or  on  different  molecules.  Whenever 
this  takes  place,  the  two  electricities  tend  to  flow  together  until  the  nor- 
mal condition  is  restored  in  accordance  with  the  law  of  diflusiou ;  but  the 
force  of  diffusion  in  these  molecular  atmospheres  is  vastly  greater  and 
the  process  vastly  more  rapid  than  it  is  in  the  terrestrial  atmosphere,  be- 
cause the  elasticity  of  the  ether  so  greaUy  exceeds  that  of  the  air.  This 
being  granted,  our  theory  further  supposes  that  every  process  of  electrical 
excitement  causes  a  separation  of  the  constituents  of  the  ether,  and  that 
an  electrified  body  is  one  on  whose  molecules  one  or  the  other  of  the  two 
electricities  is  to  a  greater  or  less  degree  isolated  ;  and  again,  that  the  fii^ 
miliar  phenomena  of  attraction  and  repulsion  between  electrified  bodies  are 
the  effects  of  pressure  caused  by  the  diffusive  force ;  and  lastly,  that  an 
electrical  current  consists  in  an  actual  transfer  of  the  ethereal  material 
between  the  molecules  of  the  conductor.  We  have  not  space,  however, 
to  follow  out  the  thcor}'  into  its  mechanical  details,  and  we  must  content 
ourselves  with  applying  it  to  the  explanation  of  the  phenomena  of  the 
Voltaic  cell. 

Theory  of  Voltaic  Cell,  In  studying  chemical  reactions  we  have  thos 
far  overlooked  the  molecular  atmospheres  ;  but  it  is  evident  that,  if 
the  above  theory  is  correct,  they  must  enter  as  important  factors  into 
erery  chemical  change.  This  theory  assumes  that  tne  condition  of  the 
atmosphere  is  intimately  connected  with  that  of  the  molecule,  although 
in  what  way  it  does  not  attempt  to  explain.  When  the  molecule  is  pol^ 
ised,  the  two  electricities  are  more  or  less  fully  separated  and  isolated 
around  the  molecular  poles ;  and  if  the  polarity  is  inticrent  this  condition 
is  permanent.  If,  however,  the  polar  state  is  induced,  the  neutral  condi- 
tion is  restored  as  soon  as  the  inducing  force  ceases  to  act.  Let  ns  stndr 
DOW  fh>m  this  new  point  of  view  the  familiar  reaction  of  snlphnric  ada 
on  dnc  referred  to  above. 

Zn  +  {HtSO^  +  Aq)  —  {ZnSO^  +  Aq)  +  IQ-3I. 

1  As  it  is  not  important  (br  our  prsseat  pnrposs  to  inquire  whether  tha  elso- 
trieal  ether  is  identical  or  only  is  mingled  with  tbt  lominiftroiis  etlMTi  Ibis 
question  is  hero  Wt  in  abeyance. 
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The  molecule  HfSO^  is  inherently  polarized  and  induces  at  once  a 
similar  condition  in  the  normally  neutral  molecule  2!n.  At  the  poles  of 
each  of  these  molecules  we  have  therefore  free  electricity.  When  now  Zt 
replaces  i/,  in  H^S(\  it  takes  with  it  into  its  new  combination  only  free 
positive  electricity,  leaving  behind  the  corresponding  negative  electricity 
on  the  adjaneni  molecule  of  sine.  Meanwhile  the  hydrogen  atoms  thus 
liberated  brine  with  them  to  form  the  molecule  H-H  only  positive  elec- 
tricity. We  nave  thus  set  free  on  opposite  molecules  at  the  same  time 
equivalent  quantities  of  the  two  electricities,  and  the  equilibrium  being 
thus  disturbed,  an  interchange  at  once  takes  place  between  them,  by 
which  the  normal  condition  of  their  atmospheres  is  restored.  In  order 
to  make  this  point  clearer,  we  have  endeavoreid  to  illustrate  the  reaction  in 
the  following  diagram :  — 


H^^SO^ 


Zn 


Zn 


Factors 


E-H 


Zn^Oi 


Zn 


Products 


This  dia^am,  however,  indicates  very  imperfectly  the  conception  we 
have  formed  of  the  process,  and  there  are  certain  Quantitative  relations 
between  the  parts  which  must  not  be  overlooked,  although  they  can  be 
as  yet  but  very  imperfectly  understood.  We  should  naturally  infer  that 
the  quantity  of  ethereal  atmosphere  would  be  determined  in  every  case  by 
the  mass  of  the  molecule,  but  the  quantities  of  free  electricities  separated 
frt>m  this  atmosphere  under  different  conditions  seem  to  depend  on  the 
atomicities  of  the  radicals  of  which  the  nmecule  consists.  At  least,  the 
fiicts  indicate  that  the  amount  of  free  electricity  which  any  group  of 
atoms  takes  out  of  the  molecule  from  which  it  is  parted  is  exactly  meas- 
ured by  the  number  of  atomic  bonds  thus  broken.  Hence  in  our  diagram 
the  amount  of  positive  electricity  which  H^  takes  from  11^80^  is  a  defi- 
nite quantity  and  exactly  equal  to  that  which  Zn  carries  in  to  take  its 
place.  Moreover,  this  last  quantity  came  originally,  not  ftt)m  one,  but 
from  two  zinc  molecules,  and  the  chemical  metathesis  between  H^  and 
2!n  was  accompanied  by  an  interchange  of  electricities  between  the  zinc 
molecules,  by  which  all  the  fr^e  positive  electricity  passed  to  the  one 
which  entered  into  combination,  and  all  the  fr^e  negative  electricity  to 
the  one  left  behind  ;  and  frirther,  as  already  stated,  this  fr^e  negative  elec- 
tricity is  equivalent  to  the  free  positive  electricity  on  the  hydrogen  mole- 
cule formed  at  the  same  time. 

If,  as  in  the  usual  form  of  the  reaction  we  have  been  studying,  the  acid 
sufficiently  diluted  is  poured  upon  clippings  of  sheet  zinc,  it  is  found  that, 
although  the  mass  of  the  metal  is  polarized  throughout,  the  polarity  is 
very  irregularly  distributed.  A  multitude  of  negative  polar  points  are 
formed  upon  the  surface,  from  which  bubbles  of  hydrogen  eas  are  evolved, 
and  around  these  are  spaces  positively  polarized  where  the  metal  enters 
into  solution.  According  to  our  theory,  when  the  molecules  of  metal  re- 
place the  atoms  of  hydrogen  they  take  with  them  positive  electrical 
charges,  leaving  behind  equivalent  negative  charges,  and  these  are  trans- 
mitted from  molecule  to  molecule  of  the  metal,  until  they  reach  one  of 
the  negative  polar  points  above  mentioned.  It  is  there  that  the  inter- 
change takes  place  with  the  positive  charges  on  the  molecules  of  hydro- 
gen gas  as  rapidilr  as  these  are  fbrmed.  The  polar  points  jost  referred 
to  appear  to  be  determined  by  variations  of  texture  or  bits  of  impurity 
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in  the  metal,  and  this  is  the  reason  that,  the  ecneral  polarity  of  the  mass 
is  so  irregularly  distri hated.  If  the  m-.  tnl  is  al)sulutcly  pare  and  uni- 
form in  textnre,  or  if  the  sarfacc  of  the  common  sheet  zinc  is  previously 
amalgamated,  there  is  no  local  action,  and  the  zinc  will  not  dissolve  unless 
we  fasten  to  the  metal  a  piece  of  some  material  less  readily  acted  on  by 
the  acid,  which  must  be  also  a  conductor  of  elettricity.  But  when  this  is 
done,  the  whole  mass  becomes  polarized  uniformly  throughout,  aftir  tho 
pattern  represented  in  Fij;.  77  b.  Of  this  system  the  surface  of  the  zinc 
lorms  the  positive  pole,  and  the  surface  of  the  second  material  the  nega- 
tive pole.  Chemical  action  ensues  as  before,  and  while  zinc  dissolves  at 
tbejpositive  pole,  hydrogen  gas  is  evolved  from  tiie  negative  pole. 

We  are  now  prepared  to  understand  the  conditions  in  the  Voltaic  cell 
represented  in  r  ig.  77.  Here  we  have  a  plate  of  zinc  and  a  plate  of  pla- 
tinum, united  by  a  metallic  wire  and  dipping  together  into  the  acid  liquid, 
with  their  surfaces  op|X)sed  to  each  other  and  not  touching.  Here,  hho, 
the  two  plates  with  the  conductor  form  one  uniformly  polarized  system, 
of  which  the  surface  of  the  zinc  is  tiie  positive  and  the*  surface  of  the  pla- 
tinum the  negative  pole.  The  polarity  of  this  arrnngcment  is  inc^nccd 
by  the  action   of  the  acid,  whose  molecules  are   inherently  polarized. 

Moreover,  under  these  conditions  the  mass  of  acid  be- 
'**^^  tween   the   plates  forms  also  a  uniformly  polarized 

system,  the  molecules  armnging  themselves  in  polar 
lines  as  represented  in  Fig  78.  Wc  mny  compare 
the  combination  thus  formed  to  a  mnpnetic  circuit, 
CiClClCll  consisting  of  a  horseshoe  mngnet  and  its  armature, 
Ih  H  H  H  I  ^^  rather  of  a  bar  mngnet  with  a  horst  i»hoe  armature. 
I  The  inherently  polarized  li(|ni(!  cornsponds  to  the 
^  permanent  magnet,  the  system  of  metallic  plates  to 
tho  armature  with  its  induced  polarity.  Now  just  us  in  the  magnetic  cir- 
cuit we  have  a  strong  attractive  force  at  the  surfaces  where  the  armature 
touches  the  magnet,  so  in  th^Voltaic  circuit  we  have  a  powerful  force 
exerted  at  each  of  the  corresponding  surfaces.  A  mutual  attraction  is 
exerted  between  the  hydrogen  end  of  the  acid  molecule  and  the  platinum 
surface  on  one  side,  and  the  sulphion  end  ^  of  the  same  mo1ecuIe^  and 
the  zinc  surface  on  the  other  side.  These  forces  are  adequate  to  decom- 
pose tho  acid.  The  sulphion  atoms  enter  into  union  with  the  zinc 
to  form  zincic  sulphate,  which  dissolves  in  the  acid  licjuid,  while  the  hy- 
drogen atom^  comiiine  with  each  other  to  form  molecules  of  hydrogen 
gas,  which  collects  in  bubbles  that  rise  along  the  surface  of  the  platinum 
plate.  Meanwhile,  every  molecule  of  zinc  which  enters  into  solution 
leaves  l>ehind  a  charge  of  negative  electricity,  and  every  molecule  of  hy- 
drogen gas  carries  to  the  surface  of  the  plntmum  plate  a  charge  of  posi- 
tive electricity,  and  these  oppo«*ite  charges  flow  together  through  the  con- 
ductor, fonni'ng  what  we  call  an  ele<'trical  current,  which  ttnds  to  restore 
tho  electrical  equilibrium  that  the  chemical  acti<)n  destroys. 

Electriral  Current,  According  to  our  theory  an  electri&il  current  con- 
sists in  thA  last  analysis  in  the  transfer  of  the  ethereal  mc<lium  between 
neighboring  molecules,  the  one  giving  op  a  quantity  of  positive  elcctricitpr 
and  receiving  an  eciuivalent  portion  of  negative  electricity  in  its  stead.  This 
transfer  is  supposed  to  take  place  at  the  surface  of  contact'  between  the  molee> 
nlar  atmospheres  by  a  process  similar  to  diffusion  (58),  and  implies  an 
oscillation  of  the  molecules  by  which  each  is  brought  alternately  iq  near 
proximity  to  its  neighbors  on  either  side.  The  oscillatory  motion  is 
maintained  by  the  alternate  attractions  and  repulsions,  which  the  varying 
phases  of  the  molecules  necessarily  determine,  and  is  a  most  important 

1  For  the  take  of  slinplioity  we  have  represented  In  the  flgui^M  molecules 
of  H-Cl  instead  of  B^aO^  bnt  the  theory  applies  equally  to  both. 
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element  of  the  electrical  current  It  can  eadly  be  imitated  by  suspending 
with  silk  threads  small  metallic  balls  between  two  brass  knobs  connected 
with  the  conductors  of  an  electrical  machine,  so  that  they  hang  near  but 
at  equally  small  distances  from  each  other  on  the  same  line'.  The  continu- 
ous oscillation  of  these  balls,  while  the  machine  is  in  action,  illnstrates  what 
we  conceive  to  be  the  mode  of  motion  in  the  molecules  of  a  conductor. 

K  the  above  explanation  is  correct,  it  is  obvious  that  an  electrical  cur- 
rent in  a  solid  conductor  has  two  distinct  elements :  first,  an  oscillatory 
motion  of  the  molecules ;  secondly,  a  mutaal  transfer  of  the  two  modificit* 
tions  of  the  electrical  ether  from  molecule  to  molecule,  along  the  lines  unit- 
ing the  opposite  poles  of  the  polar  system,  which  every  current  implies. 
But  in  the  acid  liquid,  which  not  only  originates  the  current  but  also 
forms  a  part  of  the  circuit,  the  relations  are  somewhat  different.  There 
the  transfer  of  the  two  electriciiies  is  attended  with  a  decomposition  of  the 
acid  molecules,  and  the  opposed  atoms,  each  bearing  its  charu^e  of  elec* 
tricity,  actually  travel  from  one  plate  to  the  other.  Thus  we  have  the 
singular  phenomenon  produced  of  two  coexisting  atomic  currents  through- 
out the  mass  of  the  liquid,  a  stream  of  sulphion  atoms  constantly  setting 
towards  the  zinc  plate,  and  a  stream  of  hydrogen  atoms  flowing  in  the 
opposite  direction  in  the  same  space  towards  the  platinum  plate.  The 
result  is  produced  by  a  constant  metathesis  along  the  whole  hne  of  mole- 
cules between  the  two  plates,  so  that  for  every  atom  of  sulphion  which 
enters  into  union  with  the  zinc  a  double  atom  or  molecule  of  hydrogen 
is  set  free  at  the  face  of  the  platinum  plate. 

As  our  theory  shows,  the  opposite  currents  of  atoms  in  the  liquid  and 
the  opposite  currents  of  electncity  in  the  solid  conductor  are  mutually 
dependent  Hence,  if  the  connection  is  broken  so  that  the  motion  can 
no  longer  be  transmitted  through  the  conductor,  the  motion  in  the  liquid 
itself  ceases ;  and  if  by  any  means  the  motion  Uirough  the  conductor  la 
checked  the  motion  of  the  atoms  in  the  liquid  is  reduced  to  the  same  ex- 
tent The  two£urrents,  which,  as  we  have  seen,  are  continuous  through- 
out the  whole  circuit,  take  the  names  of  the  two  kinds  of  electricity  which 
they  respectively  carry ;  that  flowing  into  the  conducting  wire  from  the 
platinum,  or  inactive  plate,  being  called  the  positive  current,  and  that 
from  the  zinc,  or  active  plate,  the  negative  current.  Reasoning  from  cer- 
tain mechanical  phenomena,  the  physicists  originally  oonclud^  that  the 
electrical  current  flowed  in  but  one  direction,  that  is,  through  the  con- 
ducting wire  from  the  platinum  plate  to  the  zinc,  and  from  the  zinc  plate 
through  the  liquid  back  again  to  the  platinum ;  and  now,  when  the  direc- 
tion of  the  current  is  spoken  of,  it  is  this  dilution,  that  of  the  positiye 
current,  which  is  always  meant 

87.  Electrical  Conducting  Power  or  Resistance. —  Different 
materials  transmit  the  electric  current  with  very  different  de- 
grees of  facility  ;  for  while  in  some  this  peculiar  form  of  molec- 
ular motion  is  easily  maintained,  in  others  the  moleeules  yield 
to  it  only  with  difllculty,  and  many  substances  seem  not  to  be 
susceptible  of  it  The  conducting  powers  of  differttsl  metallic 
wires  have  been  very  carefully  studied,  and  some  of  the  most 
tmstworthy  results  are  collected  in  the  following  table.  Silver 
is  the  best  conductor  known,  and,  assuming  that  a  silver  wire  of 
definite  size  and  100  centimetres  long  is  taken  as  the  standard, 
the  number  opposite  the  name  of  each  metal  is  the  length  in 
centimetres  of  a  wire  made  of  this  metal,,  and  of  tk&  same  8ia0> 
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as  the  first,  which  will  oppose  the  same  resistance  to  the  trans- 
mission of  the  current  The  second  column  gives  the  relative 
resistances  of  wires  of  the  same  materials  when  of  equal  size 
and  of  equal  lengths.  The  relative  or  specific  resistances  of  two 
such  wires  must  evidently  be  inversely  proportional  to  their 
conducting  powers,  and  thus  the  numbers  of  the  second  column 
are  easily  calculated  from  thoee  of  the  first.  For  the  results 
collated  in  this  table  we  are  indebted  to  the  careful  investiga- 
tions of  Professor  Matthiessen. 


Pare  Metals. 


Silver 

G^r 

Zinc 

Cadmium 

Cobalt 

Iron 

Nickel 

Tin 

Thalliam 

Lead 

Arsenic 

Antimony 

Bismoth 


Iharddraum) 
{hard  drawn) 
[hard  draioii) 


(hard  draum) 


Commerrial 
MeULi. 


C.P. 


Copper  77.43 
So<lit|m  j37.43 
Aluminum  33.76 
Ala^i^nesium  25.47 
Calrinm  22.14 
Potas>ium  2().8.'i 
Lithium      19.00 


Sp.  R.  C^. 


1.291  18.8 
2.672  21.7 
2.962  19.5 
3.926  17.0 
4.516  16. 
4.795  20.4 
5.262  20. 


Oondnctiiig  Power. 


AtO°. 

100.00 

99.95 

77.96 

29.02 

23.72 

17.22 

16.81 

13.11 

12.36 

9.16 

8.32 

4.76 

4.62 

1.245 


At  100°. 

71.56 
70.27 
55.90 
20.67 
16.77 


8.67 

5.86 
3.33 
3.26 
0.878 


Speci&o  Rfltifftaiiee. 


Ato^ 

1.000 

1.0005 

1.283 

3.445 

4.216 

5.808 

5.948 

7.628 

8.091 

10.92 

12.02 

21.01 

2t65 

80.34 


At  100°. 

1.397 
1.423 
1.788 
4.838 
5.964 


11.53 

17.06 
30.03 
30.68 
113.9 


Commercial 
Metals. 

Iron 

Palladinm 

Platinum 

Strontium 
P  Mercury 

Tellurium 
OIKed  Phosphoms 


c.  p. 

Sp.  R. 

14.44 

6.924 

12.64 

7.911 

10.53 

9.497 

6.71 

14.90 

1.63 

61.35 

0.00077 

129,800 

0.00000123 

81.300.000 

CO. 


20.4 
17.2 
20.7 
20.5 
22.8 
19.6 
24.0 


If,  next,  we  compare  wires  of  the  same  material,  but  of  dif- 
ferent sizes,  we  find  that  the  resistance  increases  as  the  length, 
and  diminishes  as  the  an*a,  of  the  section.  Moreover,  if  we 
adopt  8ome  absolute  standard  of  resistance,  like  that  selected  by 
the  English  physicists,  we  can  easily  express  the  resistance  of 
any  pven  conductor  in  terms  of  this  unit.  It  must  be  remem- 
bered, however,  in  making  such  comparisons,  that  the  resist- 
ance varie?)  with  the  tem|)eratare,  and  also  that  the  conducting 
power  of  the  same  metal  is  materially  influenced  both  bj  its 
physical  conditioo  and  by  the  presence  of  impurities. 
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88.  Oh!nC$  Law,  —  The  first  effect  of  the  chemical  forces  in 
the  cell  of  an  electrical  combination  is  to  marshal  the  dissimilar 
atoms  of  the  active  liquid  between  the  plates  into  lines,  which 
at  once  begin  to  move  in  parallel  columns,  but  in  opposite  di- 
rections (Fig.  78).  Moreover,  each  one  of  these  lines  of  moving 
atoms  is  continued  by  a  corresponding  line  of  oscillating  atoms 
in  the  conducting  wire,  and  thus  is  formed  a  continuous  circuit 
returning  upon  itself.  The  union  of  all  the  lines  of  force  in 
the  two  opposite  coexisting  streams  coostitutes  in  any  case  the 
electrical  current,  and  the  different  parts  of  this  continuous  chain 
are  so  related  that  the  total  amount  of  motion  is  always  the  same 
at  every  point  on  the  circuity  and  no  more  lines  of  moving  atoms 
form  in  the  liquid  between  the  plates  than  can  be  continued 
through  the  oscillating  atoms  of  the  solid  conductors. 

If  we  adopt  this  theory,  it  is  obvious  that  the  strength  of  any 
electrical  current  must  depend,  —  first,  on  the  number  of  con- 
tinuous lines  of  force,  and  secondly,  on  the  strength  of  the 
polarity  transmitted  through  each  of  these  channels.  Of  these 
two  elements,  the  first  is  determined  solely  by  the  total  resist- 
ance which  the  various  parts  of  the  circuit  oppose  to  the  elec- 
trical motion,  and  the  greater  this  resistance  the  less  will  be 
the  number  of  the  lines  of  force.  The  second  element  is  de- 
termined by  the  value  of  the  resultants  of  all  the  polar  forc^ 
acting  in  any  combination,  which  draw  the  dissimilar  atoms 
towards  the  opposite  plates,-^ a  value  which  depends  solely  on 
the  chemical  relations  of  the  materials  of  the  plates  to  that  of  the 
active  liquid,  and  is  what  is  called  the  electromotive  force  of  the 
combination,  a  quantity  we  will  represent  by  ^. 

It  appears,  then,  from  the  above  analysis,  that  an  electrical 
current  is  a  continuous  chain,  which  is  sustained  in  a  regulated 
and  equable  motion  in  all  its  parts  by  the  chemical  activity  in 
the  cell,  and  that  the  strength  of  this  current  at  any  point  of  the 
chain  must  be  directly  proportional  to  the  electromotive  forpe, 
and  inversely  proportional  to  the  sum  of  the  resistances  through- 
out the  circuit  If,  then,  we  represent  the  resistance  in  the  con- 
ducting wire  by  r,  the  resbtance  of  the  liquid  between  the  plates 
of  the  cell  by  Ej^  and  also  the  strength  of  the  current  by  (7,  we 
shall  have,  in  every  case, 

C=  4-^  [62] 

1  Th«  resiBtanoe  of  any  cirenit  may  be  oonveoiently  divided  into  two  par^ 
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The  quaDtities  (7,  E,  r,  and  JB  may  all  be  accurately  measured, 
and  stand  in  each  case  for  a  certain  number  of  arbitrary  units, 
whose  relations  will  hereafter  be  stated. 

89.  Electromotive  Force  and  Strength  of  OurrenL  —  It  would 
seem  at  first  sight  as  if  the  strength  of  an  electric  current  might 
be  increased  by  simply  enlarging  the  size  of  the  plates  in  the 
combination  employed,  and  obviously  the  number  o{  possible 
lines  of  moving  atoms  which  could  be  marshalled  in  the  liquid 
between  the  plates  would  thus  be  increased ;  but,  as  has  been 
stated,  the  parts  of  the  circuit  are  so  intimately  connected  that 
no  greater  number  of  lines  of  atoms  can  form  between  the  plates 
than  can  be  continued  through  the  whole  circuit,  and  practically 
there  may  be  formed  between  the  smallest  plates  a  vastly  greater 
number  of  atomic  lines  than  can  be  continued  through  any  con- 
ductor, however  good  its  quality  or  however  ample  its  size. 
Hence  it  is,  that  by  increasing  the  size  of  the  plates  we  mul- 
tiply the  lines  of  force  only  in  so  far  as  we  thereby  lessen  the 
resistance  in  the  liquid  part  of  the  circuit  We  thus  simply 
lessen  the  value  of  2?  in  Ohm*s  formula  [62]  ;  but  if  this  value 
is  already  small  as  compared  with  r,  that  is,  if  the  resistance  in 
the  cell  is  small  compared  with  that  in  the  conductor,  no  mate 
rial  gain  in  the  power  of  the  current,  or  in  the  value  of  O,  will 
result.  On  the  other  hand,  if  the  exterior  resistance,  r,  is  small, 
or  nearly  nothing,  as  when  the  plates  are  connected  by  a  thick 
metallic  conductor,  then  the  vdue  of  C  will  increase  in  very 
nearly  the  same  proportion  as  the  size  of  the  plates  is  enlarged, 
and  the  value  of  2?,  in  consequence,  diminished.  Under  these 
conditions,  the  number  of  lines  of  moving  atoms  is  greatly  mul- 
tiplied, and  we  obtain  a  current  of  very  great  volume,  but  only 
flowing  with  the  limited  force  which  the  single  cell  is  capable 
of  maintaining.  Such  a  current  has  but  little  power  of  over- 
coming obstacles ;  and  if  we  attempt  to  condense  it  by  using  a 
smaller  conductor,  we  reduce,  as  has  been  said,  the  chemical 
action  which  keeps  the  whole  in  motion,  and  thus  lessen  the 
volume  of  the  flow.    This  is  generally  expressed  by  saying 

flnt.  the  reslsUDce  of  the  oondncting  wire,  And  second]  j,  the  resistance  of  the 
liomd  portion  of  the  circnit  between  the  two  plates  of  the  cell.  The  resistance 
01  the  solid  conductor  may  be  readily  estimated  on  the  principles  stated  in  tba 
last  section,  and  the  resistance  of  liqaid  may  be  measured  in  a  similar  way. 
The  last  depends,  —  1.  On  the  conducting  power  of  the  liquid ;  2.  On  the  length 
of  the  liquid  circuit,  which  is  determined  by  the  distance  aptart  of  the  plates; 
S.  On  the  area  of  the  section  of  the  liquid  conductor,  which  is  determined  by 
IbtiiieoftheplatMi  and,  4.  Ontbetempentora. 
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that  the  current  has  large  qwmUtyy  but  small  intensity,  or  more 
properly,  electromotive  power. 

It  must  now  be  obvious  from  the  theory,  that  we  cannot  in- 
crease effectively  the  intensity  of  a  current  (its  power  of  over- 
coming obstacles)  without  in  some  way  increasing  the  chemical 
activity,  or,  in  other  words,  the  electro-motive  force  of  the  com- 
bination employed,  and  Ohm*s  formula  leads  to  the  same  result. 
If  the  value  of  r  in  our  formula  is  very  large  as  compared 
with  J?,  we  cannot  increase  it  still  farther  without  lessening  the 
total  value,  C,  unless  at  the  same  time  we  increase  the  value 
of  E,  Now,  this  electro-motive  force  may  be,  to  a  certain  ex- 
tent, increased  by  using  a  more  active  combination ;  but  the 
limit  in  this  direction  is  soon  reached,  and  the  construction  of 
the  cell  which  has  been  found  practically  to  be  the  most  effi- 
dent  will  be  described  below. 

We  can,  however,  increase  the  effective  electro-motive  force 
to  almost  any  extent  by  using  a  number  of  cells,  and  coupling 
them  together  in  the  manner  represented  by  Fig.  79,  the  plati- 
num plate  of  the  first  cell  being  united  by  a  large  metallic  con- 
nector to  the  zinc  plate  of  the  second,  and  so  on  through  the 
line,  until  finally  the  external  conductor  establishes  a  connec- 
tion between  the  platinum  plate  of  the  last  cell  and  the  zinc 
plate  of  the  first  Such  a  combination  as  this  is  called  a  Gral- 
vanic  or  Voltaic  ^  battery,  and  the  current  which  flows  through 
such  a  combination  has  a  vastly  greater  power  of  overcoming 
resistance  than  that  of  any  single  cell,  however  large. 

The  increased  effect  obtained  with  such  a  combination  will 
be  easily  understood,  when  it  is  remembered  that  each  of  the 
innumerable  closed  chains  of 
moving  molecules  now  ex- 
tends through  the  whole 
combination,  and  that  all  its 
parts  move  in  the  same  close 
mutual  dependence  as  be- 
fore. But  whereas  with  a  single  cell  the  motion  throughout 
any  single  chain  of  molecules  is  sustained  by  the  chemical 
energy  at  only  one  point,  it  is  here  reinforced  at  several  points; 


Fig.  79. 


^  From  the  jmnaes  of  Galvanl  and  Volta,  two  Italiao  pbjsioists,  who  flnt 
Investigated  this  class  of  phenomena. 
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and  the  polar  energy  at  an  j  point  of  the  dmit  is  the  effect  of 
the  indactioo  of  the  add  molecules  between  eadi  pair  of  plata 
eoocorring  with  that  prodnced  bj  the  similar  molecoles  between 
ererj  other  pair.  The  ekctro-motiTe  power  is  then  increased 
in  proportion  to  the  nomber  of  cells;  and  the  effect  on  the  car- 
rent  would  be  increased  in  the  same  proportion,  were  it  not  for 
the  fact  that  the  current  most  keep  in  motion  a  greater  mass  of 
liquid,  and  hence  the  resistance  is  increased  at  the  same  time. 
The  Talue  of  this  resistance,  however,  is  easily  estimated,  since 
it  is  directly  proportional  to  the  distance  through  which  the  cur- 
rent has  to  flow  in  the  liquid ;  and  hence,  if  the  liquid  is  the 
same  in  all  the  cells,  and  the  plates  are  at  the  same  distance 
apart  in  each,  the  liquid  resistance  will  be  n  times  as  great  in  a 
combination  of  n  cells  as  it  is  in  one.  Moreover,  since  the  efieo- 
tire  electro-motive  force  is  n  tiroes  as  great  also,  while  the  ex- 
ternal resistance  remains  unchanged,  the  strength  of  the  current 
fiom  such  a  combination  will  still  be  expressed  by  formula  [62] 
slightly  modified. 

This  formula  shows  at  once,  that,  when  the  exterior  resist- 
ance is  very  small,  or  nothing,  very  little  or  no  gain  will  result 
from  increasing  the  number  of  cells,  for  the  ratio  of  nE  to  nB 
is  the  same  as  that  c^  E  to  R ;  and,  under  such  conditions,  in 
order  to  increase  the  strength  of  the  current,  we  must  increase 
the  surface  of  the  plates.  If,  on  the  contrary,  the  exterior  re- 
sistance is  very  large,  the  formula  shows  that  great  prain  will 
result  from  increasing  the  number  of  the  cells,  and  that  little 
or  no  advantage  will  accrue  from  enlarging  the  surface  of  the 
plates.  Moreover,  the  formula  enables  us  in  any  case  to  de- 
termine what  proportion  the  number  of  cells  should  bear  to  the 
size  of  the  plates  in  order  to  obtain  the  full  effect  of  any  battery 
in  doing  a  given  work;  and  in  the  numerous  applications  of 
electricity  in  the  arts  we  find  abundant  illustrations  of  the 
principles  it  involves.  The  methods  used  in  finding  the  values 
of  the  quantities  represented  in  the  formula  lie  beyond  the 
•cope  of  this  work,  and  for  such  information  the  student  is  re- 
ferred to  works  on  Physics. 

90.   Canitrueticm  of  Cells.  — It  is  found  practically  that  the 
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simple  combinatioD  of  plates  and  acid  first  described  mast  be 
slightly  modified  in  order  to  obtain  the  best  results. 

In  the  first  place,  both  the  zinc  and  sulphuric  acid  of  com- 
merce contain  impurities,  which  give  rise  to  what  is  called 
local  action,  and  cause  the  zinc  to  dissolve  in  the  acid  when 
the  battery  is  not  in  action.  Fortunately,  however,  it  has  been 
found  that  sach  local  action  can  be  wholly  prevented  by  care- 
fully amalgamating  the  surface  of  the  zinc  and  filtering  the 
acidulated  water. 

The  mercury  on  the  surface  of  the  zinc  plates  acts  as  a  sol- 
vent, and  g»ve8  a  certain  freedom  of  motion  to  the  particles 
of  the  metal.  These,  by  the  action  of  the  polar  forces,  are 
brought  to  the  surface  of  the  plate,  while  the  impurities  are 
forced  back  towards  the  interior,  so  that  the  plate  constantly 
exposes  a  surface  of  pure  zinc  to  the  action  of  the  acid. 

By  filtering  we  ren^ove  the  particles  of  plumbic  sulphate 
which  remain  floating  in  the  sulphuric  acid  for  a  long  time 
after  it  has  been  diluted  with  water,  and  which,  when  deposited 
on  the  surface  of  the  zinc,  become  points  of  local  action,  even 
when  the  plates  have  been  carefully  amalgamated. 

In  the  second  place,  the  continued  action  of  the  simple  com-^ 
bination  first  described  develops  conditions  which  soon  greatly 
impair,  and  at  last  wholly  destroy,  its  efficiency. 

The  hydrogen  gas,  which  by  the  action  of  the  current  is 
evolved  at  the  platinum  plate,  adheres  strongly  to  its  surface, 
and  with  its  powerful  affiiiities  draws  back  the  lines  of  atoms 
moving  towards  the  zinc  plate,  and  thus  diminishes  the  effec- 
tive electro-motive  force.  Moreover,  after  the  battery  has  been 
working  for  some  time,  the  water  becomes  charged  with  zincic 
sulphate ;  and  then  the  zinc,  following  the  course  of  the  hydro- 
gen, is  also  deposited  on  the  surface  of  the  platinum,  which 
after  a  while  becomes,  to  all  intents  and  purposes,  a  second 
zinc  plate,  and  then,  of  coarse,  the  electric  current  ceases. 

Both  of  these  difficulties,  however,  have  also  been  sur- 
mounted by  a  very  simple  means  discovered  by  Mr.  Grove,  of 
London.  The  Grove  cell.  Fig.  80,  consists  of  a  circular  plate  of 
zinc  well  amalgamated  on  its  surfkce,  and  inmtersed  in  a  glass 
jar  containing  dilute  sulphuric  acid.  Within  the  zinc  cylinder  is 
placed  a  cylindrical  vessel  of  much  smaller  diameter,  made  of 
porous  earthenware,  and  filled  with  the  strongest  nitric  acid, 
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and  in  this  banga  the  plate  of  platinaiD,  Fig.  81.     Tbt  walls  at 


I 


'  tbe  porous  cell  allow  both  the  lifdrogen  and  the  zinc  atoms  to 
pass  freely  on  tlitir  way  lo  the  platinum  plate ;  but  the  moment 
they  reach  the  nilric  acid  ibey  are  at  once  oxidized,  and  that 
the  surface  of  the  platinum  is  kept  clean,  and  the  cell  in  coodi- 
lion  to  exert  lis  uiaximum  electro-motive  power.  In  this  com- 
bination we  may  substitute  for  the  plate  of  platinum  a  plate 
of  dense  coke,  such  as  forms  in  the  interior  of  the  gas  retorts, 
which  is  very  much  cheaper,  and  enables  us  to  construct  la>^ 
cells  at  a  moderate  cosL  The  use  of  gas  coke  was  firat  sug- 
gested by  ProfesMr  Bunsen  of  Heidelberg,  and  the  cell  so 
constructed  generally  bears  his  name.  The  Bunsen  cell,  such 
as  is  Mpresenl«d  in  Fig.  82,  is  exceedingly  well  adapted  for  use 
ni.  81. 


1  the  laboratoty.    These  cells  are  usually  made  of  nearly  a 
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uniform  size,  the  zinc  cylinders  being  about  8  c.  m.  in  diameter 
by  22  c  m.  high,  and  they  are  frequently  referred  to  as  a  rough 
standard  of  electrical  power.  They  may  be  united  so  as  to 
produce  effects  either  of  intensity  or  of  quantity.  The  inten- 
sity effects  are  obtained  in  the  manner  already  described  (see 
Fig.  79),  and  the  quantity  effects  are  obtained  with  equal  readi- 
ness ;  since  by  attaching  the  zinc  of  several  celb  to  the  same 
metallic  conductor,  and  the  corresponding  coke  plates  to  a 
similar  conductor,  we  have  the  equivalent  of  one  cell  with  large 
plates.  Many  other  forms  of  battery,  differing  in  more  or  less 
important  details  from  those  here  described,  and  adapted  to 
special  applications  of  electricity,  are  used  in  the  arts,  and  are 
fully  described  in  the  larger  works  on  physics. 

91.  Mectrol^sis.  —  As  our  theory  indicates,  the  electrical 
current  has  the  remarkable  power  of  imparting  to  the  unlike 
atoms  of  almost  all  compound  bodies  motion  in  opposite  direo- 
tions,  like  that  in  the  battery  cell  itself,  and  this,  too,  at  what- 
ever point  in  the  circuit  they  may  be  introduced.  The  galvanic 
battery  thus  becomes  a  most  potent  agent  in  producing  chemi- 
cal decompositions,  and  it  is  in  consequence  of  this  fact  that  the 
theory  of  the  instrument  fills  such  an  important  place  in  the  phi- 
losophy of  chemistry. 

If  we  break  the  metallic  conductor  at  any  point  of  a  closed 
circuit,  the  two  ends,  which  in  chemical  experiments  we  usually 
arm  with  platinum  plates,^  are  called  poles.  The  end  con- 
nected with  the  platinum  or  coke  plate,  from  which  the  positive 
current  is  assumed  to  flow,  is  called  the  positive  pole,  and  the 
end  connected  with  the  zinc  plate,  from  which  the  negative 
current  flows,  is  called  the  negative  pole*  Let  us  assume 
that  Fig.  83  represents  the  two  platinum  poles  dipping  in  a 
solution  of  hydrochloric  acid  in  water,  which 
thus  becomes  a  part  of  the  circuit.  The 
moment  the  circuit  is  thus  closed,  the  J7and 
C7  atoms  begin  to  travel  in  opposite  direc- 
tions, just  as  in  the  battery  cell  below.  The 
hydrogen  atoms  move  with  the  positive  cur^ 
rent  towards  the  negative  pole,  and  hydro- 
gen gas  is  disengaged  from  the  surface  of 


fig.  88. 


ci  o  a  ci  ci  ai 

IH  N   H  H   H   H  H 


1  We  nse  platinum  plates  because  this  metal  does  not  readily  enter  into 
combination  with  the  ordinary  ohemical  agents. 
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the  negative  plate,  while  the  chlorine  atoms  move  tnth  the 
negcUive  current  towards  the  positive  pole,  and  chlorine  gas 
is  evolved  from  the  surface  of  the  positive  plate.  More- 
over, it  will  be  noticed  that  each  kind  of  atoms  moves  in  the 
same  direction  on  the  closed  circuit,  that  is,  follows  the  course 
of  the  same  current,  both  in  the  battery  cell  below  and  in  the 
decomposing  cell  above ;  and  wherever  we  break  the  circuit, 
and  at  as  many  places  as  we  may  break  it,  the  same  phenomena 
may  be  produced,  provided  only  that  our  battery  has  sufficient 
power  to  overcome  ^e  resistance  thus  introduced. 

If  next  we  dip  the  poles  in  water,  the  atoms  of  the  water 

will  be  set  moving:,  as  shown  in  Fijj.  84;  hy- 

Fig.  84.  e  »     ^ 

r^  '     '      ^      drogen  gas  escaping  as  before  from  the  neg- 

1  ative  pole,  and  oxygen  gas  from  the  positive. 
o  o  o  o  o  o  I  ^^  ^"*^>  however,  that  pure  water  opposes 
HtHtHtHtHtHtl  a  very  great  resistance  to  the  motion  of  the 
I  current ;  and,  unless  the  current  has  great 
intensity,  the  effects  obtained  are  inconsider- 
able. But  if  we  mix  with  the  water  a  little  sulphuric  acid,  the 
decomposition  at  once  becomes  very  rapid ;  but  then  it  is  the 
atoms  of  the  sulphuric  acid,^  and  not  those  of  the  water,  which 
are  set  in  motion.  The  molecule  H^SO^  divides  into  H^  and 
SO^yihQ  hydrogen  atoms  moving  in  the  usual  direction,  and 
the  atoms  of  SO^  in  the  opposite  direction.  As  soon,  however, 
as  the  last  are  set  free  at  the  positive  pole,  they  come  in 
contact  with  water,  which  they  immediately  decompose, 
2H^O'\-2SO^  =  2HiSO^+  0-0,  and  the  oxygen  gas  thus 
generated  escapes  from  the  face  of  the  platinum  plate.  Thus 
the  result  is  the  same  as  if  water  were  directly  decomposed, 
but  the  actual  process  is  quite  different. 

So  also  in  many  other  cases  of  electrolysis,  —  as  these  d(»com- 
positions  by  the  electrical  current  are  called, — the  process  is 
complicated  by  the  reaction  of  the  water,  which  is  the  usual 
medium  employed  in  the  experiments.  Thus,  if  we  interpose 
between  the  poles  a  solution  of  common  salt,^a6Y,  the  chlorine 
atoms  move  towards  the  positive  pole,  and  chlorine  gas  is  there 
evolved  as  in  the  first  example.  The  sodium  atoms  move  also, 
but  in  the  opposite  direction.  As  soon,  however,  as  they  are 
set  free  at  the  negative  pole,  they  decompose  the  water  present; 
hydrogen  gas  is  formed,  which  escapes  in  bubbles  from  the 
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platinum  plate,  while  sodic  hydrate  (oaustic  soda)  remains  in 
BolatioDy 

2ir,0  +  2Na  =  2ff,  Na-0  +  H-H. 

We  add  but  one  other  example,  which  illustrates  a  very 
important  application  of  these  principles  in  the  arts.  We  as- 
sume, in  Fig.  85,  that  the  positive 
pole  is  armed  with  a  plate  of  copper,      ^^  Hg.  8B. 

and  that  to  the  negative  pole  has  been  I 

fastened  a  mould  of  some  medallion      cul^^* 51^*1^*^^*      IS 
we  wish  to  copy,  the  surface  of  which,  I  ■  * 

at  least,  is  a  good  conductor.  We 
assume  further  that  both  copper  plate  and  mould  are  sus- 
pended in  a  solution  of  sulphate  of  copper,  CwSO^,  In  this 
case  the  atoms  of  the  compound  are  set  in  motion  as  before. 
Those  of  copper  accumulate  on  the  surface  of  the  mould  ;  and 
at  last  the  coating  will  attain  such  thickness  that  it  can  be  re* 
moved,  furnishing  an  exact  copy  of  the  original  medallion. 
Meanwhile  the  atoms  of  SO^  have  found  at  the  positive 
pole  a  mass  of  copper,  with  whose  atoms  they  have  combined ; 
and  thus  fresh  sulphate  of  copper  has  been  formed,  and  the 
solution  replenished.  The  process  has  in  effect  consisted  in 
a  transfer  of  metal  from  the  copper  plate  to  the  medallion ; 
and,  by  using  appropriate  solvents,  silver  and  gold  can  be 
transferred  and  deposited  in  the  same  way. 

In  all  these  processes  of  electrolysis,  one  remarkable  fact  has 
been  observed,  which  has  a  very  important  bearing  on  the 
theory  of  the  battery.  If  in  any  given  circuit  we  introduce  a 
number  of  decomposing  cells,  containing  acidulated  water,  we 
find  that  in  a  given  time  exactly  the  same  amount  of  gas  is 
evolved  in  each ;  thus  proving,  what  we  have  thus  far  assumed, 
that  the  moving  power  is  absolutely  the  same  at  all  points  on 
the  circuit.  Moreover,  the  amount  of  gas  which  is  evolved 
from  such  a  decomposing  cell  in  the  unit  of  time  is  an  ao- 
curate  measure  of  the  strength  of  the  current  actually  flowing 
in  any  circuit,  and  this  mode  of  measuring  the  quantity  of  an 
electrical  current  is  constantly  used. 

We  should  infer  from  the  facts  already  stated,  and  the  prin- 
ciple has  been  confirmed  by  the  most  careful  experiments,  that 
the  chemical  changes  which  may  take  place  at  different  points 
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€i^e  HUDe  doied  drcoil  are  ahrmjB  the  exact  equnrBlenta  of 
csck  other.  U,  lor  example,  we  hare  a  aeries  of  Grove's  cdk, 
arranged  as  io  Fig.  79,  and  interpose  in  the  external  circuit 
two  decomposing  eelU,  as  in  Figs.  84  and  85,  we  shall  find 
(prorided  there  is  no  local  actioo)  that  the  weight  of  xinc  di»> 
solTcd  in  each  of  the  five  Grore's  cdb  is  the  exact  ckemneal 
equiraUmL  (26)  not  oolj  of  the  weig^  of  hydrogen  gas  evolred 
from  the  fir»t  decomposing  celL  hot  alao  of  the  weight  of  me- 
tallic copper  deposited  on  the  mould  in  the  second.  For  ereij 
€3*4  grammes  of  copper  deposited,  2  grammes  of  hydrogen  are 
erolTcd.  and  65.2  grammes  of  zinc  are  dissolved  in  each  cell 
of  the  bauerv.  If  there  is  also  local  action  in  the  cells,  the 
chemical  change  thus  induced  is  added  to  the  normal  effect  of 
the  batter}'-curTent. 

This  important  principle  (disoorered  bj  Faraday)  is  in  entire 
harmony  with  the  theory  of  electricity  developed  in  this  cha|K 
ter.  In  the  single  Voltaic  cell.  Fig.  77,  there  is  but  one  source 
of  free  electricity,  which  all  flows  through  the  same  conductor. 
In  a  Voltaic  battery,  Fig.  79,  there  are  as  many  sources  of  free 
electricity  as  there  are  separate  cells ;  but  only  the  free  ele^ 
tricity  received  on  the  end  plates  flows  through  the  longer  coo- 
doctor,^  for  that  received  on  the  intermediate  plates  becomes 
Deotralized  in  the  shorter  conductors^  uniting  the  cells.  In 
either  case,  if  a  liquid  forms  a  part  <^  the  principal  conductor^ 
as  in  Fig.  83,  then  the  molecules  of  the  liquid  decomposed  by 
the  current  become  an  additional  source  of  electricity,  and  the 
currents  flowing  from  the  two  ends  of  the  battery  are  neutral- 
ized  by  the  charges  of  electricity,  which  the  atoms  liberated  from 
the  electrolyte  '  bring  with  them  to  either  electrode.'  Thus,  in 
Fig.  83,  the  positive  electricity  flowing  from  the  inactive  plate 
of  the  battery  is  neutralized  by  the  negative  electricity,  which 
the  chlorine  atoms  yield,  and  the  negative  electricity  from  the 
active  plate  of  the  battery  by  the  positive  electricity,  which  the 
hydrogen  atoms  yield.  Now,  since,  according  to  our  theory,  the 
strength  of  a  current  is  necessarily  the  same  at  all  points  of  a 

1  It  win  be  noticed  thitetch  of  the  At*  ccmducton  in  Fig.  70  sastains  the 
isme  relation*  to  the  betterj  m  a  wtwle. 

*  The  liquid  snbmitted  to  eleetrolviiis  it  frequently  called  an  dectnAi^  and 
the  insetiTe  polat  dipping  into  the  liquid  are  alto  called  e^ecfro^ei. 
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continuous  circuit,  however  extended,  and  since  the  amount  of 
electricitj  set  free  in  the  decomposing  cell,  as  in  the  battery 
cells,  must  be  proportional  to  the  number  of  atomic  bonds 
broken  (86),  it  is  evident  that  it  would  require,  for  example, 
twice  as  many  hydrogen  as  copper  atoms,  liberated  on  the  face 
of  an  electrode  in  a  given  time,  to  supply  the  same  current,  and 
this  is  equivalent  to  the  principle  stated  above. 

The  examples  which  have  been  given  are  sufficient  to  illus- 
trate the  remarkable  power  which  the  electric  current  possesses 
of  setting  in  motion  the  atoms  of  compound  bodies.  Innumer- 
able experiments  have  shown  that,  in  reference  to  their  rela- 
tions to  the  current,  the  atoms,  both  simple  and  compound,  may 
be  divided  into  two  great  classes :  first,  those  which  travel  on 
the  line  of  the  circuit  in  the  direction  of  the  positive  current 
and  follow  in  the  lead  of  the  hydrogen  atoms ;  and,  secondly, 
those  which  follow  the  lead  of  the  chlorine  atoms,  and  move  in 
the  opposite  direction  with  the  negative  current.  The  first 
class  of  atoms,  or  radicals,  we  call  positive  ;  and  the  second  class, 
negative. 

The  opposition  in  qualities  of  the  chemical  atoms,  which  the 
study  of  these  electrical  phenomena  has  revealed,  is,  in  many 
cases  at  least,  relative,  and  not  absolute.  For,  while  there  are 
some  atoms  which  always  manifest  the  same  character,  there 
are  others  which  appear  in  some  associations  positive,  and  in 
other  associations  negative.  To  such  an  extent  is  this  true, 
that  the  electrical  relations  of  the  atoms  are  best  shown  by 
grouping  the  elements  in  series,  which  may  be  so  arranged  that 
each  member  of  the  series  shall  be  electro-positive  when  in 
combination  with  those  elements  which  follow  it,  and  electro- 
negative when  combined  with  those  which  precede  it. 

Note.  —  Questions  and  problems  bearing  on  this  chapter  will 
be  found  in  the  Appendix,  page  567. 


CHAPTER    XVI. 

RELATIONS   OF  THE  ATOMS  TO   LIGHT. 

92.  Light  a  Mode  of  Atomic  Motion.  —  It  has  already  beea 
intimated  (§  Gl,  note),  that  the  phenomena  of  vision  are  the 
effects  of  an  atomic  motion  transmitted  from  some  luminous 
body  to  the  eye  Uirough  continuous  lines  of  material  partidea^ 
and  8uch  lines  we  call  rays  of  light.    This  motion  may  origi- 
nate with  the  atoms  of  various  substances ;   but  in  order  to 
explain  its  transmission,  we  are  obliged  to  assume  the  existence 
of   a  medium  filling  all  space,  of  extreme   tenuity,  and  yet 
having  an  elasticity  sufRcieutly  great  to  transmit  the  luminous 
pulsations  with  the  incredible  velocity  of  186,000  miles  in  a 
second  of  time.     This  medium  we  call  the  ether,  but  of  its 
existcMice  we  have  no  definite  knowledge  except  that  obtained 
thmugh  the  phenomena  of  light  themselves,  and  these  require 
assumptions  in  regard  to  the  constitution  of  the  ethereal  medium 
which  are  not  realized  even    approximately  in  the  ordinary 
fonns  of  matter;    for  while   the   assumed  medium  must  be 
vaMly  less  dense  than  hydrogen,  its  elasticity  must  surpass  that 
of  steel. 

According  to  the  nndulatory  theory,  motion  is  transmitted 
from  particle  to  particle  along  the  line  of  each  luminous  wave 
very  much  in  the  eame  way  that  it  passes  along  the  line  of 
ivory  balls  in  the  well-known  experiment  of  mechanics.  The 
ethereal  atoms  are  thu*'  thrr^wn  into  waves,  and  the  order  of 
the  phenomena  is  similar  to  that  with  which  all  are  familiar 
in  the  grosser  forms  of  wave  motion.  But  in  tliis  oonnectioo 
w«*  have  no  occasion  to  dwell  on  the  mechanical  conditions 
attending  the  tran*<misNion  of  the  motion.  The  motion  itself 
rniiy  1h*  best  conceived  as  an  oscillation  of  each  ether  partida 
ill  a  phine  perpendicular   to   the  direction   of  the  ray,  not 
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necessarily,  however,  in  a  straight  line ;  for  the  orhit  of  the 
oscillating  molecule  may  be  either  a  straight  line,  an  ellipse,  or  a 
circle,  as  the  case  may  be.  Such  oscillations  may  evidently 
differ  both  as  regards  their  amplitude  and  their  duration,  and 
on  these  fundamental  elements  depend  two  important  differences 
in  the  effect  of  the  motion  on  the  organs  of  vision,  viz.  intensity 
and  quality,  or  brilliancy  and  color. 

If  our  theory  is  correct,  it  is  obvious  that  the  intensity  of 
the  luminous  impression  must  depend  upon  the  force  of  the 
atomic  blows  which  are  transmitted  to  the  optic  nerves,  and  it 
is  also  evident  that  this  force  must  be  proportional  to  the 
square  of  the  velocity  of  the  oscillating  atoms,  or  what  amounts 
to  the  same  thing,  to  the  square  of  the  amplitude  of  the 
oscillation ;  assuming,  of  course,  that  the  oscillations  are 
isochronous. 

The  connection  of  color  with  the  time  of  oscillation  is  not  so 
obvious,  and  why  it  is  that  the  waves  of  ether  beating  with 
greater  or  less  rapidity  on  the  retina  should  produce  such 
sensations  as  those  of  violet,  blue,  yellow,  or  red,  the  physiologist 
is  wholly  unable  to  explain.  We  have,  however,  an  analogous 
phenomenon  in  sound,  for  musical  notes  are  simply  the  effects  of 
waves  of  air  beating  in  a  similar  way  on  the  auditory  nerves ; 
and,  as  is  well  known,  the  greater  the  frequency -of  the  beats, 
or,  in  other  words,  the  more  rapid  the  oscillations  of  the 
aerial  molecules,  the  higher  is  the  pitch  of  the  note.  Red 
color  corresponds  to  low,  and  violet  to  high  notes  of  music, 
and,  the  gradations  of  color  between  these  extremes,  passing 
through  various  shades  of  orange,  yellow,  green,  blue,  and 
indigo,  correspond  to  the  well-known  gqidations  of  musical 
pitch. 

From  well-established  data  we  are  able  to  calculate  the 
rapidity  of  the  oscillations  which  produce  the  different  sensa- 
tions of  color,  and  also  to  estimate  the  corresponding  lengths 
of  the  ether  waves,  and  the  following  table  contains  the 
results.  It  must  be  understood,  however,  that  these  numbers 
merely  correspond  to  a  few  shades  of  color  definitely  marked 
on  the  solar  spectrum  by  certain  dark  lines  hereafter  to  be  men- 
tioned; and  that  equally  definite  values  may  be  assigned  to 
the  infinite  number  of  intermediate  shades  which  intervene 
between  these  arbitrary  subdivisions  of  the  chromatic  scale. 
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98.  Niahiral  Colars.  —  It  follows,  as  a  necessary  consequence 
of  the  fundamental  laws  of  mechanics,  that  an  oscillating  mole- 
cule can  onlj  transmit  to  its  neighbor  motion  which  is  isochronous 
with  its  own.  Hence  a  single  ray  of  light  can  only  produce  a  def- 
inite effect  of  color,  and  this  quality  of  the  ray  will  be  preserved 
however  far  the  motion  may  travel.  A  beam  of  light  is  simply 
a  bundle  of  rays,  and  if  the  motion  is  isochronous  in  all  its 
parts,  that  b,  if  the  beam  consists  only  of  rays  of  one  shade  of 
color,  such  a  beam  will  produce  the  simplest  chromatic  sensa- 
tion possible,  —  that  of  a  pure  color.  If,  however,  the  beam 
contains  rays  of  different  colors,  we  shall  have  a  more  complex 
effect,  and  the  infinite  variety  of  natural  tints  are  thus  produced. 
When,  lastly,  the  beam  contains  rays  of  all  the  colors  mingled 
in  due  proportion,  we  receive  an  impression  in  which  no  single 
color  predominates,  and  this  we  call  white  light. 

The  colors  of  natural  objects,  whether  inherent  or  imparted 
by  various  dyes,  are  simply  effects  upon  the  retina  produced  by 
the  beam  afler  it  has  been  reflected  from  the  surface  or  trans- 
mitted through  the  mass  of  the  body,  and  the  peculiar  chromatic 
effects  are  due  to  the  unequal  proportions  in  which  the  dif- 
ferent colored  rays.are  thus  absorbed.  The  color  reflected,  and 
that  absorbed  or  transmitted,  are  always  complementary  to 
each  other,  and  if  mingled  they  would  reproduce  white.  It  is 
obvious,  moreover,  that  no  beam  of  light,  however  modified  by 
reflection  or  transmission,  could  produce  the  sensation  of  a 
given  color,  if  it  did  not  contain  from  the  first  the  correspond- 
ing colored  rays.  Hence  it  is  that  the  colors  of  objects  only 
appear  naturally  by  daylight,  and  when  illuminated  by  a 
monochromatic  light,  all  colors  blend  in  that  of  this  one  pure 
tint 

94.  Chrofnatte  Spectra  and  Speetroicopes.  •—  When  a  beam 
of  light  is  passed  through  a  glass  prism  placed  as  shown  in  Fig. 
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Fig.  80. 


86,  it  is  not  only  re/racted^thai  is,  bent  from  its  original  rectilinear 
course,  but  the  colored  rays  of  which  the  beam  consists,  being 
bent  unequally,  are  separated  to  a  greater  or  less  extent,  and  fall- 
ing on  a  screen  produce  an  elongated  image  colored  with  a  suc- 
cession of  blending  tints,  which  we  call  the  spectrum.  The  red 
rays,  which  are  bent  the  least,  are  said  to  be  the  least  refrau' 
giUe,  while  the  violet  rays  are  the  mast  refrangible,  and  inter- 
mediate between  these  we  have,  in  the  order  of  refrangibility, 
the  various  tints  of  orange,  yellow,  green,  blue,  and  indigo. 
Thus  a  prism  gives  an  easy  means  of  analyzing  a  beam  of 
light,  and  of  discovering  the  character  of  the  rays  by  which  a 
given  chromatic  effect  is  produced.  Such  observations  are 
very  greatly  facilitated  by  a  class  of  instruments  called  spectro- 
scopes, and  Figs.  87  and  90  will  illustrate  the  principles  of 
their  construction. 

In  the  very  powerful  instrument  first  represented,  the  beam 
of  light  is  passed  in  succession  through  nine  prisms  (each 
having  an  angle  of  45**),  and  the  extreme  rays  are  thus  widely 
separated,  while  the  beam  itself  is  bent  around  nearly  a  whole 
circumference.  The  only  other  essential  parts  of  the  instru- 
ment are  the  collimator  A  and  the  telescope  B.  The  light  first 
enters  the  collimator  through  a  narrow  slit,  and  having  passed 
through  the  prisms  is  received  by  the  telescope.  The  tele- 
scope is  adjusted  as  it  would  be  for  viewing  distant  objects, 
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and  a  lena  at  the  end  of  the  collimator  eerves  to  render  the 
rays  divei^;ing  from  the  slit  parallel,  so  that  vhen  the  two 


tabes  are  in  line,  one  sees  through  the  telescope  a  mag- 
nifled  image  of  the  slit,  jiut  as  if  the  slit  were  at  a  groat 


distance.     In  Lice  manner  when  the  telescopes  are  placed  at 
in  Fig.  88,  and  when  the  light  before  reaching  the  telesoop* 
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passes  through  the  whole  series  of  prisms,  we  still  see  a  single 
definite  image  whenever  the  slit  is  illuminated  by  a  pure 
monochromatic  light.  Moreover,  this  image  has  a  definite 
position  in  the  field  of  view,  which,  when  the  instrument  is 
similarly  adjusted,  depends  solely  on  the  refrangibility  of  the 
light 

Thus,  if  we  place  in  front  of  the  slit  a  sodium  flame,  which 
emits  a  pure  yellow  light,  we  see  a  single  yellow  image  of  this 
longitudinal  opening,  as  in  Fig.  89,  Na.  If  we  use  a  lithium 
flame,  we  see  a  similar  image,^  but  colored  red,  and  at  some 
distance  from  the  first,  to  the  left,  if  the  parts  of  our  in- 
strument are  disposed  as  in  Fig.  88.  If  we  use  a  thalium 
flame,  we  in  like  manner  see  a  single  image,  but  colored 
green,  and  falling  considerably  to  the  right  of  both  of  the 
other  two.  If  now  we  illuminate  the  slit  by  the  three 
flames  simultaneously,  we  see  all  three  images  at  once  in  the 
same  relative  position  as  before.     So  also  if  we  examine  the 

I  The  seoood  image  shown  in  Fig.  89,  Li  is  not  ordinarily  seen. 
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* 
flame  of  a  metal,  which  emits  rays  of  several  definite  degrees 

of  refrangibility,  we  see  an  equal  number  of  definite  images 

of  the  slit.     If,  next,  we  illuminate  the  slit  with  sunlight^ 

which  contains  rays  of  all  degrees  of  refrangibility,  we  see  an 

infinite  number  of  images  of  the  slit  spread  out  along  the  field 

of  view,  and  these,  overlapping  each  other,  form  that  continuous 

band  of  blending  colore  which  we  call  the  solar  spectrum.    If, 

lastly,  we  examine  with  our  instrument  the  light  reflected  from 

a  colored  surface,  or  transmitted  through  a  colored  medium, 

we  also  see  a  band  of  blending  colors,  but  at  the  same  time  we 

observe  that  certain  portions  of  the  normal  solar  spectrum  are 

either  wholly  wanting  or  greatly  obscured. 

With  a  spectroscope  of  many  prisms  like;  the  one  represented 
by  Fig.  87,  we  can  only  see  a  small  portion  of  the  spectrum  at 
once.  By  moving  the  telescope,  which,  fastened  to  a  metallic 
arm,  revolves  around  the  axis  of  the  instrument,  different 
portions  of  the  spectrum  may  be  brought  into  the  field  of  view ; 
while  a  vernier,  attached  to  the  same  arm  and  moving  over  a 
graduated  arc,  enables  us  to  fix  the  position  of  the  spectrum 
lines,  as  the  images  of  the  slit  are  usually  called.  The  other 
mechanical  details  shown  in  the  figure  are  required  in  order 
to  adjust  the  various  parts  of  the  instrument,  and  especially  in 
order  to  bring  the  prisms  to  what  is  termed  the  angle  of 
minimum  deviation.  But  an  instrument  of  this  magnitude  and 
power  is  not  required  for  the  ordinary  applications  of  the 
spectroscope  in  chemistry.  For  this  purpose  a  small  instru- 
ment consisting  of  a  collimator,  a  single  prism,  and  a  telescopey 
all  in  a  fixed  position,  are  amply  suflicient.  In  the  field  of  such 
a  spectroscope  the  whole  spectrum  may  be  seen  at  once  ;  and 
the  position  of  the  spectrum  lines  is  very  easily  determined  by 
means  of  a  photographic  scale  placed  at  one  side,  and  seen  by 
light  reflected  into  the  telescope  from  the  face  of  the  prism. 

The  various  parts  of  the  instrument,  as  arranged  for  ob- 
servation, are  shown  in  Fig.  90.  A  is  the  collimator,  P  the 
prism,  and  B  the  telescope.  The  tube  C  carries  the  photo- 
graphic scale,  and  has  at  the  end  nearest  to  the  prism  a 
lens  of  such  focal  length  that  the  ima^^e  both  of  the  slit  and 
the  scale  may  be  seen  through  the  telescope  at  the  same  time» 
the  one  appearing  projected  upon  the  other.  The  screw  # 
serves  to  adjust  the  width  of  the  slit.  Moreover,  one  half  of  the 
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length  of  the  slit  is  covered  by  a  small  glass  prism  bo  arranged 
that  it  reflects  into  the  collimator  tube  the  rays  from  a  lamp 
placed  OD  one  side.  Thus  the  two  halves  of  the  hHi  may  be 
illuminated  independently  by  light  from  different  sources,  and 
the  two  spectra,  which  are  then  seen  superimpoaed  upon  each 
other  (see  Fig.  91),  exactly  compareU.  The  various  screws, 
which  appear  in  Fig.  90,  are  u^ed  for  adjusting  the  difierent 
parts  of  the  instrument. 

95.  Spectrum  Analytts.  —  The  atoms  of  the  different  chem- 
ical elements,  when  rendered  luminous  under  certain  de6nite 
conditions,  always  emit  light  whose  color  is  more  or  less 
characteristic,  and  which,  when  analyzed  with  the  spectroscope, 
exhibit  spectra  nimilar  to  those  which  are  represented  in  Fig. 
89,  so  far  as  is  possible  without  the  aid  of  color.  Sometimea 
we  see  only  a  single  line  in  a  definite  position,  as  ift  the  case 
of  Na,  Li,  and  Th,  already  referred  lo.  At  other  times 
there  are  several  such  lines  ;  and,  still  more  irequently,  to 
Ihei'e  lines  (or  definite  images  of  the  slit)  there  are  super- 
added more  or  less  extended  portions  of  a  continuous  specirum. 
Moreover,  not  only  is  the  general  aspect  of  each  spectrum 
exceedincly  characteristic,  but  also  the  occurrence  of  its 
peculiar  lines  is,  bo  far  aa  we  know,  an  abBolute  proof  of  the 
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presence  of  a  given  element,  and  these  lines  may  be  readily 
recognized  by  their  position,  even  when  the  character  of  the 
spectrum  is  otherwise  obscure.  It  is  evident  then  that  we 
have  here  a  principle  which  admits  of  most  important  ap- 
plications in  chemical  analysis,  and  it  only  remains  to  con- 
sider under  what  conditions  the  elementary  atoms  emit  their 
characteristic  light 

First,  All  bodies  when  intensely  heated  are  rendered  lumi- 
nous, and,  other  things  being  equal,  the  higher  the  temperature 
the  more  intense  is  the  light.  The  brilliancy  of  the  light 
emitted  at  the  same  temperature  by  different  bodies  varies 
very  greatly,  the  densest  bodies  being,  as  a  general  rule,  the 
most  intensely  hi  mi  nous. 

Secondly.  —  Solid  and  liquid  bodies,  if  opaque,  emit  when 
ignited  white  light,  or  at  least  light  which  shows  with  the  speo- 
tro3(!ope  a  continuous  spectrum  more  or  less  extended.  At  a 
red  heat  the  light  from  such  bodies  consists  chiefly  of  red  rays, 
but  as  the  temperature  rises  first  to  a  white  and  then  to  a  bloe 
heat,  the  more  refrangible  rays  become  more  abundant  and 
finally  predominate. 

Thirdly,  —  The  elementary  substances  give  out  their  pecu- 
liar and  characteristic  hght  only  in  the  state  of  gas  or  vapor. 
Hence,  when  we  examine  with  a  spectroscope  a  source  of  hght, 
we  may  infer  that  a  continuous  spectrum  indicates  the  presence 
of  solid  or  liquid  bodies,  while  a  discontinuous  spectrum,  with 
definite  lines  or  images  of  tlie  slit,  indicates  the  presence  of 
gases  and  vapors ;  and  in  the  last  case  we  can,  as  has  been  seen, 
infer  from  the  position  of  the  lines  the  nature  of  the  luminous 
atoms.  It  would  seem,  however,  from  recent  investigations, 
that  under  certain  conditions  even  a  gas  may  show  a  continu- 
ous spectrum,  and  there  are  other  seeming  exceptions  which 
admonish  us  that  the  general  principles  just  stated  should  be 
applied  with  caution. 

Fourthly,  —  At  the  very  high  temperatures  at  wliich  alone 
gases  or  vapors  become  luminous,  compound  bodies,  as  a  rule, 
appear  to  be  decomposed,  and  the  elementary  atoms  disasso- 
ciated. Hence  the  observations  with  the  spectroscope  have 
been  almost  entirely  confined  to  the  spectra  of  the  elementary 
substances,  and  our  knowledge  of  the  spectra  of  compound  sub- 
stances is  exceedingly  limited.    In  some  few  ca^es  where  the 
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spectram  of  a  compound  has  been  obtained,  it  has  been  noticed 
that,  as  the  temperature  rises,  this  spectrum  is  suddenly  re- 
solved into  the  separate  spectra  of  the  elements  of  which  the 
compound  consists. 

Fifthly.  —  At  a  high  temperature  the  metallic  atoms  of  a 
compound  body  are  far  more  luminous  than  those  of  the  other 
elementary  atoms  with  which  they  are  associated.  Hence, 
when  the  vapor  of  a  metallic  compound  is  rendered  luminous, 
the  light  emitted  is  so  exclusively  that  of  the  metallic  atoms, 
disassociated  by  the  heat,  that  when  examined  with  the  spec- 
troscope the  spectrum  of  the  metal  is  alone  seen ;  and  this  is 
the  probable  explanation  of  the  fact  that  the  salts  of  the  same 
metal,  when  treated  as  will  be  described  in  the  next  para- 
graph, all  show,  as  a  general  rule,  the  same  spectrum  as  the 
metal  itself. 

Lastly.  —  The  substance,  on  which  we  wish  to  experiment, 
may  be  rendered  luminous  in  several  ways.  If  the  substance 
is  a  volatile  metaltic  salt,  the  simplest  method  is  to  exppse  a 
bead  of  the  substance  (supported  on  a  loop  of  platinum  wire) 
to  the  flame  of  a  Bunsen*s  burner  (Fig.  90),  which  by  itself 
burns  with  a  nearly  non-luminous  flame.  The  flame  soon  be- 
comes filled  with  the  disassociated  atoms  of  the  metal  and 
shines  with  their  peculiar  light. 

In  order  to  study  the  spectra  of  the  less  volatile  metals  like 
alnminum,  iron,  or  nickel,  we  use  two  needles  of  the  metal,  and 
pass  between  the  points,  when  about  one  fourth  of  an  inch 
apart,  the  electric  discharges  of  a  powerful  Ruhmkorff  coil, 
condensed  by  a  large  Leyden  jar.  The  metal  is  volatilized 
by  the  heat  of  the  electric  current,  and  the  space  between  the 
points  becomes  filled  with  the  intensely  ignited  vapor,  which 
then  shines  with  its  characteristic  light.*' ^ 

In  a  similar  way  we  can  experiment  on  the  permanent  gases 
and  lighter  vapors,  enclosing  them  in  a  glass  tube  with  plati- 
num electrodes,  and  before  sealing  the  tube  reducing  the  ten- 
sion with  an  air  pump,  when  the  discharge  will  pass  through 
a  length  of  several  inches  of  the  attenuated  gas.  The  light 
then  emitted  comes  from  the  atoms  or  molecules  of  the  gas,  and 
where  the  electric  current  is  condensed  as  in  the  capillary  por- 

1  An  electric  spark  is  in  every  case  merely  a  line  of  material  particles  ren- 
dered luminous  by  the  current. 
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don  of  the  tubes  oonstmcted  for  this  purpose,  the  light  is  suf- 
ficiently intense  to  be  analyzed  with  the  spectroscope. 

The  three  different  modes  of  experimenting  just  described  do 
not  by  any  means  always  give  the  same  spectrum  when  ap- 
plied to  the  same  chemical  element.  It  constantly  happens 
that  as  the  temperature  rises  new  lines  appear,  which  are  usu- 
ally those  corresponding  to  the  more  refrangible  rays,  and  at 
the  very  high  temperatures  generated  by  the  electric  discharge 
many  of  the  spectra  change  their  whole  aspect.  The  ill-defined 
broad  bands  or  luminous  spaces  which  are  so  conspicuous  at  a 
low  temperature  (see  Fig.  89),  disappear,  and  are  replaced  by 
a  greater  or  less  number  of  definite  spectrum  lines.  Gen- 
erally, however,  the  characteristic  lines  whfbh  mark  the  ele- 
ment at  the  lower  temperature  are  seen  also  at  the  higher ;  but 
sometimes  there  is  a  sudden  and  complete  change  of  the  whole 
spectrum.  The  cause  of  these  differences  is  not  understood, 
but  it  has  been  thought  by  some  investigators  that  the  normal 
spectra  of  the  elementary  atoms  consist  of  bright  bands  alone, 
and  that  the  more  or  less  continuous  spectra,  which  are  also 
seen  at  the  lower  temperatures,  are  to  be  referred  to  the  im- 
perfect disassociation  of  the  atoms,  whose  mutual  attractions 
or  partial  combinations  produce  a  state  of  aggregation  ap- 
proaching the  condition  which  determines  the  continuous  speo- 
tra  of  liquid  or  solid  bodies. 

96.  Delicacy  of  the  Method,  —  Having  now  stated  the 
general  principles  of  spectrum  analy8is,  and  the  conditions 
under  which  these  principles  may  be  applied,  it  need  only  be 
added  that  the  method  is  one  of  extreme  delicacy.  It  enables 
us  to  detect  wonderfully  minute  quantities  of  many  of  the 
metallic  element*;,  and  has  already  led  to  the  discovery  of  four 
elements  of  this  class  which  had  eluded  all  methods  of  investi- 
gation previously  employed.  The  names  of  these  elements, 
Rubidium,  Caesium,  Thallium  and  Indium,  all  refer  to  the 
color  of  their  most  characteristic  spectrum  bands.* 

97.  Solar  and  Stellar  Chemistry,  —  When  a  beam  of  sun- 
light is  examined  with  a  powerful  spectroscope,  the  solar 
spectrum  is  seen  to  be  crossed  by  an  almost  countless  number 
of  dark  lines  distributed  with  no  apparent  regularity,  and  dif- 

^  The  diflerent  bands  of  tlie  same  element  are  usually  distinguished  by 
Greek  letters,  following  the  order  of  relative  brilllaucy. 
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fering  very  greatly  io  relative  streogth  or  ioteosity.  These 
lines  were  first  accurately  described  by  the  Gierman  optician 
Fraunhofer,  and  have  since  been  known  as  the  Fraunhofer 
lines.  A  (ew  of  the  most  prominent  of  these  lines  are  shown 
in  Fig.  89,  with  the  letters  of  the  alphabet  by  which  they  are 
designated.  These  lines,  like  the  bright  lines  of  the  elemenla, 
correspond  in  every  case  to  a  definite  degree  of  refrangibility, 
and  therefore  have  a  fixed  position  on  the  scale  of  the  spectro- 
scope- Moreover,  what  is  very  remarkable,  the  bright  and 
the  dark  lines  have  in  several  cases  absolutely  the  same 
poeidon. 

It  is  easy  to  conetruct  the  spectroacope  bo  that  the  two  halves 
of  the  slit  may  be -illuminated  from  different  sources.  If  then 
we  admit  a  beam  of  sunlight  through  one  half,  and  the  light 
of  a  sodium  flame  through  the  other  half,  we  shall  have  the 
two  spectra  super-imposed  m  the  same  field,  as  in   Fig.  91, 


and  it  will  be  seen  that  the  two  parts  of  the  sodium  band, 
which  appears  as  a  double  line  under  a  high  power,  coincide 
absolutely  in  position  with  the  double  dark  line  D  in  the 
■olar  spectrum.  But  a  still  more  striking  coincidence  has 
been  observed  in  the  case  of  iron,  for  the  eighty  well-marked 
bright  lines  in  the  speclrum  of  this  metal  correspond  absolutely 
both  in  position  and  in  strength  with  eighty  of  the  dark  lines 
of  the  solar  spectrum.  Now,  the  chances  that  such  coind- 
dences  are  the  result  of  accident,  are  not  one  in  one  billion 
billion ;  and  we  are  therefore  compelled  to  believe  that  the 
two  phenomena  must  be  connected.  A  simple  experiment 
shows  what  the  relation  probably  is. 

If  we  place  before  the  spectroscope  a  sodium  flame,  we  see, 
of  course,  the  familiar  double  line.     If  now  we  place  behind 


186  BELATIONS  OF  THE  ATOMS  TO  UQHT. 

the  sodium  flame  a  candle  flame,  so  that  the  candle  also  shines 
into  the  slit,  but  only  through  the  sodium  flame,  we  shall  see 
the  same  bright  lines  projected  upon  the  continuous  spectrum 
of  the  candle.  If,  however,  we  put  in  place  of  the  candle  an 
electric  light,  we  shall  find  that  while  the  continuous  spectrum 
is  now  far  more  brilliant  than  before,  the  sodium  lines  appear 
black.  The  explanation  of  this  singular  phenomenon  is  to  be 
found  in  a  principle,  now  well  established  both  theoretically 
and  experimentally,  that  a  ma^s  of  luminous  vapor,  while  other- 
wise transparent,  powerfully  absorbs  rays  of  the  same  refrangi- 
bility  which  it  emits  itself.  Hence,  in  our  experiment,  the 
veiy  small  portion  of  the  spectrum  covered  by  the  sodium  line 
is  illuminated  by  the  sodium  flame  alone,  while  all  the  rest  of 
the  spectrum  is  illuminated  from  the  source  behind,  and  the 
efiect  is  merely  one  of  contrast,  the  sodium  lines  appearing 
light  or  dark  according  as  they  are  brighter  or  darker  than  the 
contiguous  portions  of  the  spectrum. 

In  a  similar  way  the  bright  lines  of  a  few  other  elements 
have  been  inverted,  and  these  experiments  would  lead  us  to 
infer  that  the  Fraunhofer  lines  themselves  are  formed  by  a 
brilliant  photosphere  shining  through  a  mass  of  less  lominoas 
gas.  In  other  words,  it  would  appear  that  the  sun's  luminous 
orb  is  surrounded  by  an  immense  atmosphere  which  intercepts 
a  portion  of  his  rays,  and  that  we  see  as  dark  lines  what  would 
probably  appear  as  bright  bands,  could  we  examine  the  light 
from  the  atmosphere  alone. 

If  then  our  generalization  is  safe,  the  dark  and  the  bright 
lines  are  the  same  phenomena  seen  under  a  different  aspect, 
and  the  one  as  well  as  the  other  may  be  used  to  identify  the 
different  chemical  elements.  Hence,  then,  there  must  be  both 
iron  and  sodium  in  the  sun*s  atmosphere,  and  for  the  same 
reason  we  conclude  that  our  luminary  must  contain  Hydrogen, 
Calcium,  MHgnesium,  Nickel,  Chromium,  Banum,  Cop|)er,  and 
Zinc,  while  there  i^  equally  good  evidence  that  Gold,  Silver,  Mer- 
oory,  Cadmium,  Tin,  Lead,  Antimony,  Arsenic,  Strontium,  and 
Lithium  are  not  present,  at  least  in  large  quantities.  It  is, 
moreover,  worthy  of  notice  that  the  lines  neither  of  oxygen, 
nitrogen,  nor  indeed  of  any  of  that  class  of  bodies  formerly 
called  metalloids,  have  been  recognized  in  the  solar  spectrum ; 
bat  then  the  spectra  of  these  elements,  so  abundant  on  the 
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earth's  surface,  are  so  much  feebler  than  those  of  the  metals, 
that  it  is  doubtful  whether  the  negative  evidence  of  the  spec- 
troscope is  trustworthy  in  these  cases. 

The  elements  thus  recognized  in  the  sun  only  account  for  a 
small  portion  of  the  dark  lines,  and  the  scheme  of  the  chemical 
elements  is  apparently  so  incomplete  on  the  earth,  at  least  so 
&r  as  we  know  it  (103),  that  we  should  not  be  surprised  to 
find  a  multitude  of  new  forms  of  elementary  matter  at  the  cen- 
tre of  the  solar  system.  But,  on  the  other  hand,  the  meteorites 
have  brought  to  us  no  new  elements,  and  their  evideuce,  there- 
fore, as  far  as  it  goes,  is  adverse  to  the  assumption  that  there 
exists  in  the  sun*s  atmosphere  such  a  great  number  of  unknown 
elements  as  the  dark  lines  would  indicate,  and  this  obvious  ex- 
planation of  their  vast  number  cannot  be  regarded  as  probable. 

If  next  we  turn  the  spectroscope  on  some  of  the  brighter 
fixed  stars,  we  shall  see  continuous  spectra  like  the  solar 
spectrum,  of  greater  or  less  extent,  and  covered  by  dark  lines. 
A  careful  comparison  of  these  lines  would  seem  to  indicate 
that  the  stars  differ  very  greatly  from  each  other,  although  in 
general  they  are  bodies  similar  to  our  sun ;  and  if  our  theoiy 
is  correct,  we  have  been  able  to  detect  the  presence  of  sodium, 
magnesium,  hydrogen,  calcium,  iron,  bismuth,  tellurium, 
antimony,  and  mercury  in  Aldebaran,  and  other  elements  in 
other  stars. 

The  most  remarkable  result  of  stellar  chemistry  remains  yet 
to  be  noticed.  On  examining  the  nebulae  with  the  spectro- 
scope, it  has  been  found  that  while  some  of  them  show  a  con- 
tinuous spectrum,  there  are  a  number  of  these  remarkable 
bodies  which  exhibit  the  phenomena  of  bright  lines.  This 
would  lead  us  to  the  conclusion  that  the  last  are  really,  as  the 
nebular  theory  assumes,  masses  of  incandescent  gas,  while  the 
first  are  not  true  nebulae,  but  simply  clusters  of  very  distant 
stars.  An  examination  of  the  comets  has  confirmed  the  pre- 
vious conclusion  that  they  also  are  mere  masses  of  gas,  but, 
singularly  enough,  the  light  from  the  coma  of  one  of  those 
bodies  gave  a  continuous  spectrum,  due  probably  to  reflected 
sunHght. 

98.  Absorption  Spectra.  —  When  a  luminous  flame  is  viewed 
with  a  spectroscope  through  a  solution  of  any  salt  of  the 
metal  Erbitim^  the  otherwise  continuous  spectrum  of  the  flame 
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is  seen  to  be  interrapted  by  several  broad  bands,  which  have  a 
definite  position,  and  are  a  valuable  means  of  recognizing  the 
presence  of  this  very  rare  element.  This  absorption  spectrum, 
as  it  is  called,  is  simply  the  reverse,  the  ^  negative  "  of  the 
luminous  spectrum  of  the  same  element 

In  like  manner  the  salts  of  Didymium  give  an  equally 
characteristic,  although  very  different,  absorption  spectrum^ 
which  is  in  fact  the  only  sure  test  we  possess  for  this  remark- 
able elementary  substance  ;  and  as  the  bands  may  under  some 
conditions  be  seen  with  reflected,  as  well  as  with  transmitted 
light,  we  may  apply  the  test  even  to  opaque  solids.  Also,  the 
same  absorption  bands  are  obtained  either  when  the  light  is 
transmitted  through  a  liquid  solution,  or  through  a  solid  crystal 
of  any  salt  of  the  metal ;  and,  moreover,  the  incandescent  vapor 
of  the  metal  shows  bright  bands  corresponding  to  the  dark 
bands  in  position.  These  facts  would  seem  to  show  that  the 
characteristic  spectrum  bands  of  an  element  may  be,  at  least 
to  some  extent,  independent  both  of  the  state  of  aggregation, 
and  of  the  condition  of  combination  of  the  elementary  atoms. 

Many  substances  besides  the  compounds  of  the  elements 
just  noticed,  give  characteristic  absorption  spectra  which  have 
been  found  to  be  useful  chemical  tests,  especially  in  the  case 
of  blood,  and  certain  other  bodies  of  organic  origin.  The 
most  remarkable  phenomena  of  this  class  are  the  absorption 
spectra  which  are  seen  when  a  luminous  flame  is  viewed  with 
a  spectroscope  through  various  colored  vapors,  such  as  those 
of  nitric  per-oxide,  bromine,  and  iodine.  The  dark  bands  are 
then  very  numerous,  and  in  some  cases  may  be  resolved  into 
well-defmed  lines.  Indeed,  the  absorption  bands  are  a  class  of 
phenomena  closely  allied  to  the  Fraunhofer  lines,  many  of 
which  are  known  to  result  from  the  absorption  by  the  earth's 
atmosphere  of  solar  rays  of  certain  degrees  of  refrangibility : 
and  all  these  facts,  with  many  others,  prove  that  gases  and 
vapors  may  exert  their  peculiar  power  of  elective  absorptioa 
at  the  ordinary  temperature,  as  well  as  when  incandescent. 
As  a  general  rule,  however,  the  absorption  bands  are  not,  like 
the  bright  lin<*s  of  the  metallic  spectra  or  their  representatives 
among  the  dark  lines  of  the  solar  spectrum,  definite  images  of 
the  slit,  but  they  are  darker  portions  of  the  spectrum  more  or 
leas  regularly  shaded,  and  correspond  to  the  broad  bands  or 


RELATIONS  OF  THE  ATOMS  TO  LIGHT.  189 

laminous  spaces  in  the  spectra  of  the  metallic  vapors  when 
not  intensely  heated.  In  each  case  the  effect  results  from  the 
blending  of  a  greater  or  less  number  of  images  of  the  slit, 
differing  in  relative  position  and  intensity. 

99.  Theory  of  Exchanges,  ^- The  facts  of  the  two  last 
sections  are  all  illustrations  of  a  general  principle  already 
referred  to  in  connection  with  the  reversal  of  the  sodium 
spectrum.  This  principle  is  known  as  the  **  Theory  of  Ex- 
changes/' and  has  been  stated  as  follows :  ^  The  relation 
between  the  power  of  emission,  and  power  of  absorption 
for  e(xch  kind  of  rays  (light  or  heat)  is  the  same  for  all 
bodies  at  the  same  temperature.*'  .  .  .  .  ^  Let  R  denote  the 
intensity  of  radiation  of  a  particle  for  a  given  description  of 
light  at  a  given  temperature,  and  let  A  denote  the  proportion 
of  rays  of  this  description  incident  on  the  particle  which  it 
absorbs ;  then  R-s-A  has  the  same  value  for  all  bodies  at  the 
same  temperature,  —  that  is  to  say,  this  quotient  is  a  function 
of  the  temperature  only." 

The  law  of  exchanges  finds  its  widest  application  in  the 
phenomena  of  radiant  heat,  and  so  far  as  experiments  have 
been  made,  it  appears  to  be  true  in  its  greatest  generality.  In 
applying  it  to  explain  the  reversal  of  the  spectra  of  colored 
fames,  we  have  only  to  deal  with  a  single  body  in  its  relations 
to  rays  of  different  qualities.  If  the  principle  is  true,  the 
absorbing  power  of  such  a  body  at  a  given  temperature  must 
bear  a  fixed  ratio  to  its  power  of  emission  for  each  kind  of 
ray.  If,  for  example,  it  has  a  great  power  of  emitting  certain 
rays  of  red  light,  it  has  a  proportionally  great  power  of 
absorbing  the  same  rays.  If,  again,  it  has  a  feeble  power  of 
emitting  violet  rays  of  definite  quality,  its  power  of  absorbing 
such  rays  is  proportionally  feeble,  and  bears  the  same  ratio  to 
the  power  of  emission  as  before ;  and,  lastly,  it  has  no  power 
of  absorption  over  such  rays  as  it  does  not  itself  emit.  More^ 
over,  it  would  follow  that,  although  the  relation  of  the  absorb- 
ing to  the  radiating  power  might  vary  very  greatly,  bo  that, 
as  the  temperature  falls,  the  last  may  become  inconsiderable 
as  compared  with  the  first,  or  even  vanish,  no  essential  change 
in  the  character  of  the  elective  absorption  would  be  thus  in- 
duced. Hence,  we  should  expect  that  bodies  would  absorb* 
when  cold  rays  of  the  same  quality  which  they  emit  whea  hot^. 
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and  also  that  opaque  solids  when  heated  would  emit  white 
light.  We  have  seen  that  the  general  order  of  the  phenomena 
is  that  which  the  law  of  exchanges  would  predict,  and  here,  for 
the  present,  our  knowledge  stops.  We  have  as  yet  been  able 
to  form  no  satisfactory  theory  in  regard  to  the  relations  of  the 
molecular  structure  of  bodies  to  the  medium  through  which  the 
waves  of  light  or  heat  are  transmitted.  It  is,  however, 
worthy  of  notice  that  Euler,  one  of  the  earliest  and  ablest 
investigators  of  undulatory  motion,  predicted  the  discovery  of 
the  law  of  exchanges,  in  assuming  as  a  fundamental  principle  of 
the  undulatory  theory  that  a  body  can  only  absorb  oscillations 
isochronous  with  those  of  which  it  is  itself  susceptible. 

100.  General  Conclusions.  —  The  facts  that  have  been 
stated  in  this  chapter  are  sufficient  to  show,  that,  although  yet 
in  its  infancy,  spectrum  analysis  promises  to  be  one  of  the 
most  powerful  instruments  of  investigation  ever  applied  in 
physical  science.  It  seems  to  be  the  key  which  will  in  time 
open  to  our  view  the  molecular  structure  of  matter ;  and  even 
now  the  results  actually  obtained  suggest  speculations  in 
regard  to  the  ultimate  constitution  of  matter,  of  the  most 
interesting  character.  The  several  monochromatic  rays  which 
the  atoms  of  the  elements  emit,  must  receive  their  peculiar 
character  from  some  motion  in  the  atoms  themselves  which  is 
isochronous  with  the  motion  they  impart  Is  it  not  then  in 
this  motion  that  the  individuality  of  the  element  resides,  and 
may  not  all  matter  be  alike  in  its  ultimate  essence?  Such 
speculations,  however  wild,  are  not  wholly  unprofitable,  if  only 
they  stimulate  investigation  and  thus  lead  to  further  di»- 
coveries. 
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CHEMICAL   CLASSIFICATION. 

101.  General  Principlei. . —  The  glimpses  that  we  have  been 
able  to  gain  of  the  order  in  the  constitution  of  matter  give  us 
grounds  for  believing  that  there  is  a  unity  of  plan  pervading 
the  whole  scheme,  and  encourage  a  confident  expectation  that 
hereafter,  when  our  knowledge  becomes  more  complete,  chem- 
ists may  attain  to  at  least  such  a  partial  conception  of  this 
plan  as  wall  enable  them  to  classify  their  compounds  under 
some  natural  system ;  and  in  imagination  we  may  even  look 
forward  to  the  time  when  science  will  be  able  to  express  all 
the  possibilities  of  this  scheme  with  a  few  general  formulsB, 
which  will  enable  the  chemist  to  predict  with  absolute  cer- 
tainty the  qualities  and  relations  of  any  given  combination  of 
materials  or  conditions.  But  although  to  a  very  slight  extent 
the  idea  has  been  realized  for  a  small  class  of  the  compounds 
of  carbon,  yet  as  a  whole  this  grand  conception  is  as  yet  but  a 
dream.  The  more  advanced  student  will  find  that  in  limited 
portions  of  some  few  fields  of  investigation  a  fragmentary  clas- 
sification is  possible,  as  in  mineralogy ;  but,  when  he  attempts 
to  comprehend  the  whole  domain,  he  becomes  painfully  aware 
of  the  immense  deficiencies  of  his  knowledge ;  he  is  confused 
by  the  numerous  chains  of  relationship,  which  he  follows,  with 
no  result,  to  sudden  breaks,  and  soon  becomes  convinced  that 
all  such  efforts  must  be  fruitless  until  more  of  the  missing  links 
are  supplied. 

The  best  that  can  now  be  done  in  an  elementary  treatise  on 
chemistry  is  to  group  together  the  elements,  or,  rather,  the 
elementary  atoms,  in  such  families  as  will  best  show  their 
natural  affinities ;  and  then  to  study,  under  the  head  of  each 
element,  the  more  important  and  characteristic  of  its  com- 
pounds. However  little  value  such  a  classification  may  have 
in  its  scientific  aspect,  it  will  bring  together,  to  a  greater  -or  less 
extent,  the  allied  facts  of  the  scieqce,  and  thus  will  help  the  • 
mind  to  retain  them  in  the  memory. 
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In  classifying  the  elementary  atoms,  the  three  most  impor- 
tant characters  to  be  observed  are  the  Prevailing  QuarUivalenee^ 
the  Electrical  Affinities,  and  the  Crystalline  Relations.  The 
first  of  these  characters  serves  more  particularly  to  classify  the 
elements  in  groups,  the  second  to  determine  their  position  in 
the  groups,  and  the  last  to  control  the  indications  of  the  other 
two. 

The  crystalline  relations  of  the  atoms  can  only  be  deter- 
mined by  comparing  the  crystalline  forms  of  allied  compounds, 
and  involve  the  principles  of  isomorphism  already  discussed. 
Moreover,  in  order  to  reach  the  most  satisfactory  scheme  of 
classification,  we  must  take  into  consideration  other  properties 
of  these  compounds  besides  the  crystalline  form;  which,  al- 
though they  may  not  be  so  precisely  formulated,  are^requently 
important  aids  in  forming  correct  opinions  as  to  the  relations  of 
the  atoms.  It  will  also  be  evident,  from  what  has  previously 
been  stated,  that  more  trustworthy  inferences  as  to  these  rela- 
tions may  frequently  be  drawn  from  the  crystalline  form  and 
properties  of  allied  compounds  than  from  those  of  the  element- 
ary substances  themselves ;  for,  in  addition  to  the  fact  that  so 
many  of  these  substances  crystallize  in  the  isometric  system, 
whose  dimensions  admit  of  no  variation,  it  is  also  true  that,  in 
our  ignorance  of  the  molecular  constitution  of  most  of  them,  we 
often  have  more  certainty,  in  the  case  of  compounds,  that  our 
comparisons  are  made  under  identical  molecular  conditions. 

102.  Metallic  and  Non-Metallic  Elements,  —  In  all  works  on 
chemistry  since  the  time  of  Lavoisier,  the  elementary  sub- 
stances have  been  divided  into  two  great  classes,  —  the  metalt 
and  the  non-metals  ;  and  the  distinction  is  undoubtedly  funda- 
mental, although  too  much  importance  has  been  frequently 
attached  to  the  accident  of  a  brilliant  lustre.  The  character- 
istic qualities  of  a  metal,  with  which  every  one  is  more  or  lest 
familiar,  are  the  so-called  metallic  lustre^  that  peculiar  adapt- 
ability of  molecular  structure  known  as  maUeahility  or  ductility^ 
and  the  power  of  conducting  electricity  or  heat.  These  qualities 
are  found  united  and  in  their  perfection  only  in  the  true  metals, 
although  one  or  even  two  of  them  are  well  developed  in  several 
elementary  substances  which,  on  account  of  their  chemical 
qualities,  are  now  almost  invariably  classed*  with  the  non- 
metals,  -»  as,  for  example,  in  selenium,  tellurium,  arsenic, 
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antimony,  boron,  and  silicon.  Besides  the  properties  above 
named,  many  persons  also  associate  with  the  idea  of  a  metal  a 
high  specific  gravity ;  but  this  property,  though  common  to  most 
of  the  useful  metals,  is  by  no  means  universal ;  and,  among  the 
metals  with  which  the  chemist  is  familiar,  we  find  the  lightest, 
as  well  as  the  heaviest,  of  solids.  The  non-metallic  elements, 
as  the  name  denotes,  are  distinguished  by  the  absence  of  metal- 
lic qualities  ;  but  the  one  class  merges  into  the  other. 

The  presence  or  absence  of  metallic  qualities  in  the  ele- 
mentary substances  is  for  some  unknown  reason  intimately 
associated  with  the  electrical  relations  of  their  atoms,  —  those  of 
the  metals  being  electro-positive,  while  those  of  the  non- 
metals  are  electro-negative,  with  reference,  in  each  case,  to  the 
atoms  of  the  opposite  class.  In  the  classification  given  in 
Table  II.  we  have  associated  together  in  the  same  family  both 
the  metals  and  the  non-metals  having  the  same  quanti valence, 
believing  that  such  an  arrangement  not  only  best  exhibits  the 
relations  of  the  atoms,  but  also  that  in  a  course  of  elementary 
instruction  it  presents  the  facts  of  chemistry  in  the  most  logical 
order. 

103.  Scheme  of  Classification,  —  The  classification  of  the 
elementary  atoms  which  has  been  adopted  in  this  book  is  shown 
in  Table  11. 

In  the  first  place  the  atoms  are  divided  into  two  large 
families,  the  Perissads  and  the  Artiads  (27). 

Secondly,  these  families  are  subdivided  into  groups  (separated 
by  bars  in  the  table)  of  closely  allied  elements.  The  atoms  of  any 
one  of  these  groups  are  isomorphous ;  and  they  are  arranged 
in  the  order  of  their  weights,  which  is  found  to  correspond  also, 
in  almost  every  case,  to  their  electrical  relations.  Each  group 
forms  a  very  limited  chemical  series ;  and  not  only  the  weights 
and  the  electrical  relations  of  the  atoms^  but  also  many  of  the 
physical  qualities  of  the  elementary  substances,  vary  regularly 
as  we  pass  from  one  end  of  the  series  to  the  other.  The  order 
of  the  \ariation,  however,  is  not  always  the  same  ;  for  while  in 
some  cases  the  lightest  atoms  of  a  series  are  the  most  electro- 
negative, in  other  cases  they  are  the  most  electro-positive. 

Thirdly,  in  arranging  the  groups  of  allied  atoms  we  have 
followed  the  prevailing  quantivalence  of  the  group,  and  those 
groups  whose  elementary  atoms  exhibit  in  general  the  lowest 


is.  zubcevi  ±rac  in  order;  bat  wift 


c.  7^i?&r:  : :  :.:e  i^uIJi  :-c  -o!:*  x=.  im::^m«flu  and  the  pria- 
riz'ji  lAi  -.id-rcsi-s  -tr-Ki  ^itirei  «•>&?»  bring  tc^ether  thoae 
zrifipi  '-.f  a^x=s  -vLiirs.  at?  zxiss  alljeii  in  chei^cfaemical  rda- 

Hk  rerrn^ki  alreaiiT  suiie  En  recaird  to  the  general  scheme 
cf  '.Lrm:-.^!  -^Li-sid'SLrioc  acpij  with  almost  eqaal  force  to  the 
p-ar-fii  'jv.rin  L-rre  atirmpce^L  The  veiy  attempt  makes  evi* 
dfrn:  tL*:  r'razsirLtarT  chara»::er  ot'  our  knowlt^jcv^.  even  in  le- 
gard  to  tL^  ricr^iinglr  limice*!  portion  of  the  subject  with 
wL.'cL  w^  ar«;  tieallcz.  The  iJea  of  class-ifioation  bv  series  wss 
fir*t  d*:vrIop*:»l  in  the  stadj  of  organic  chemistry,  where  the 
principl*:  i-  m^ich  more  conspicuous  than  among  inorganic  com- 
[K^ur.'K  Tha>  as  ha$  been  shown  (40).  we  are  acquainted 
with  iwfzury  acMs  resembling  acetic  acitl.  which  form  a  series 
Nrginnin:;  with  formic  acid  and  ending  with  melissic  acid.  Each 
mfrmf j^r  of  thi-i  series  differs  in  composition  from  the  preceding 
memljer  by  C//^  or  by  some  muhiple  of  this  symbol ;  and  the 
profK^rtieri  of  the  compounds  vary  reirulurly  between  tlic  extreme 
limits  a'*'^>rrli!jg  to  well-esiaMishcJ  laws.  Moreover,  many 
other  similar,  ahhough  more  limited,  series  of  compounds  an 
known,  and  tlic  principle  realized  in  tlit^-^e  organic  scries  seems 
to  Ix?  the  true  idea  of  all  chemical  classification.  But,  in  attempt- 
ing; to  ai)ply  it  to  the  chemical  eh'ments,  we  iind  only  two  or  three 
groups  of  atoms  wliere  the  series  is  of  sufficient  extent  to  make 
the  n'lation<«  of  the  memlx^rs  evident.  In  most  cases  it  would 
n*em  an  if  we  only  knew  one  or  two  member!)  of  a  series,  and 
this  Hppaitjrit  i;?noranoc  not  only  throws  doubt  on  the  general 
fipldiration<if  our  principle,  but  also  renders  uncertain  the  details 
of  our  sch(>mo,  cv<*n  assuming  that  the  principle  of  the  classi* 
ficntioii  irt  correct.  Hence,  also,  great  differences  of  opinkm 
may  1k»  n  nxuiahly  entertained  in  regard  to  the  position  which 
the  dirt'ertMit  atoms  ought  to  occupy  in  such  a  scheme. 

AnotlHT  very  im|M)rtant  cause  of  uncertainty  in  any  scheme 

of  cla««sirying  tht^  elements  arises  from  the  double  relationshipe 

which  many  of  them  manifest     Thus  iron,  which  we  haTe 

with  manganese  and  aluminum,  is  in  some  of  its 

osely  allied  to  magnesium  and  zinc.     Many  other 

wnUe  iron  in  having  a  similar  two-fold  cbandery 
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and  different  aathors  may  reasonably  assign  to  snch  elements 
difierent  places  in  their  systems  of  classification,  according  as 
they  chiefly  view  them  from  one  or  the  other  aspect  Hence 
arises  a  degree  of  uncertainty  which  affects  our  whole  system, 
and  cannot  be  avoided  in  the  present  state  of  the  science. 

Indeed,  no  classification  in  independent  groups  can  satisfy 
the  complex  relations  of  the  elements.  These  relations  cannot 
be  represented  by  a  simple  system  of  parallel  series,  but  only 
by  a  web  of  crossing  lines,  in  which  the  same  element  may 
be  represented  as  a  member  of  two  or  more  series  at  once, 
and  as  affiliating  in  different  directions  with  very  different 
classes  of  elements.  In  the  present  fragmentary  state  of  our 
knowledge,  such  a  classification  as  we  have  just  indicated  is 
not  attainable.  The  scheme  adopted  in  this  book  only  indi- 
cates in  each  case  a  single  line  of  relationship ;  but  we  have 
always  endeavored  to  place  each  element  in  that  relation 
which  is  the  most  characteristic ;  and,  however  imperfect  such 
a  scheme  may  be,  it  will  nevertheless  assist  study  by  bringing 
before  the  student's  mind  the  facts  of  the  science  in  a  syste- 
matic and  natural  order. 

104.  Relations  of  the  Atomic  Weights.  —  If  the  principle  of 
classification  which  we  have  adopted  is  correct,  and  the  ele- 
ments actually  belong  to  series  like  those  ef  the  compounds  of 
organic  chemistry,  we  should  naturally  expect  that  the  atomic 
weights  would  conform  to  the  same  serial  law ;  and  it  is  a  re- 
markable fact  that  the  differences  between  the  atomic  weights 
of  the  elements  of  the  same  group  are  in  most  cases  very  nearly 
multiples  of  16.  The  value  of  this  common  difference  varies 
between  15  and  17,  and  we  must  admit  in  some  cases  the 
simplest  fractional  multiples ;  but  the  mean  value  is  very 
nearly  16,  and  the  frequent  occurrence  of  this  difference  is 
very  striking.  This  numerical  relation  is  not  absolutely  exact, 
but  here,  as  in  the  periods  of  the  planets,  in  the  distribution  of 
leaves  on  the  stem  of  a  plant,  and  in  other  similar  natural 
phenomena,  there  is  a  marked  tendency  towards  a  certain  nu- 
merical result,  which  is  fully  realized,  however,  only  in  com- 
paratively few  cases. 

Other  numerical  relations  which  have  been  noticed  between 
the  atomic  weights  are  probably  only  phases  of  the  same  law 
of  distribution  in  series.    Thus  the  atomic  weight  of  sodium  is 
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In  classifying  the  elementary  atoms,  the  three  most  impor- 
tant characters  to  be  observed  are  the  Prevailing  Quantivalenee^ 
the  Electrical  Affinities^  and  the  Crystalline  Relations.  The 
first  of  these  characters  serves  more  particularly  to  classify  the 
elements  in  groups,  the  second  to  determine  their  position  in 
the  groups,  and  the  last  to  control  the  indications  of  the  other 
two. 

The  crystalline  relations  of  the  atoms  can  only  be  deter- 
mined by  comparing  the  crystalline  forms  of  allied  compounds, 
and  involve  the  principles  of  isomorphism  already  discussed. 
Moreover,  in  order  to  reach  the  most  satisfactory  scheme  of 
classification,  we  must  take  into  consideration  other  properties 
of  these  compounds  besides  the  crystalline  form;  which,  al- 
though they  may  not  be  so  precisely  formulated,  arePfrequently 
important  aids  in  forming  correct  opinions  as  to  the  relations  of 
the  atoms.  It  will  also  be  evident,  from  what  has  previously 
been  stated,  that  more  trustworthy  inferences  as  to  these  rela- 
tions may  frequently  be  drawn  from  the  crystalline  form  and 
properties  of  allied  compounds  than  from  those  of  the  element- 
ary substances  themselves ;  for,  in  addition  to  the  fact  that  so 
many  of  these  substances  crystallize  in  the  isometric  system, 
whose  dimensions  admit  of  no  variation,  it  is  also  true  that,  in 
our  ignorance  of  the  molecular  constitution  of  most  of  them,  we 
often  have  more  certainty,  in  the  case  of  compounds,  that  our 
comparisons  are  made  under  identical  molecular  conditions. 

102.  Metalhe  and  Non-Metallic  Elements,  —  In  all  works  on 
chemistry  since  the  time  of  Lavoisier,  the  elementary  sub- 
stances have  been  divided  into  two  great  classes,  —  the  metal* 
and  the  non-metals ;  and  the  distinction  is  undoubtedly  funda- 
mental, although  too  much  importance  has  been  frequently 
attached  to  the  accident  of  a  brilliant  lustre.  The  character- 
istic qualities  of  a  metal,  with  which  every  one  is  more  or  less 
familiar,  are  the  so-called  metallic  lustre^  that  peculiar  adapt- 
ability of  molecular  structure  known  as  malleability  or  ductility^ 
and  the  power  of  conducting  electricity  or  heat.  These  qualities 
are  found  united  and  in  their  perfection  only  in  the  true  metals, 
although  one  or  even  two  of  them  are  well  developed  in  several 
elementary  substances  which,  on  account  of  their  chemical 
qualities,  are  now  almost  invariably  classed*  with  the  non- 
metalsi  —  as,  for  example,  in  selenium,  tellurium,  arsenic, 
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antimony,  boron,  and  silicon.  Besides  the  properties  above 
named,  many  persons  also  associate  with  the  idea  of  a  metal  a 
high  specific  gravity ;  but  this  property,  though  common  to  most 
of  the  useful  metals,  is  by  no  means  universal ;  and,  among  the 
metals  with  which  the  chemist  is  familiar,  we  find  the  lightest, 
as  well  as  the  heaviest,  of  solids.  The  non-metallic  elements, 
as  the  name  denotes,  are  distinguished  by  the  absence  of  metal- 
lic qualities ;  but  the  one  class  merges  into  the  other. 

The  presence  or  absence  of  metallic  qualities  in  the  ele- 
mentary substances  is  for  some  unknown  reason  intimately 
associated  with  the  electrical  relations  of  their  atoms,  —  those  of 
the  metals  being  electro-positive,  while  those  of  the  non- 
metals  are  electro-negative,  with  reference,  in  each  case,  to  the 
atoms  of  the  opposite  class.  In  the  classification  given  in 
Table  II.  we  have  associated  together  in  the  same  family  both 
the  metals  and  the  non-metals  having  the  same  quanti valence, 
believing  that  such  an  arrangement  not  only  best  exhibits  the 
relations  of  the  atoms,  but  also  that  in  a  course  of  elementary 
instruction  it  presents  the  facts  of  chemistry  in  the  most  logical 
order. 

103.  Scheme  of  Classification,  —  The  classification  of  the 
elementary  atoms  which  has  been  adopted  in  this  book  is  shown 
in  Table  II. 

In  the  first  place  the  atoms  are  divided  into  two  large 
families,  the  Perissads  and  the  Artiads  (27). 

Secondly,  these  families  are  subdivided  into  groups  (separated 
by  bars  in  the  table)  of  closely  allied  elements.  The  atoms  of  any 
one  of  these  groups  are  isomorphous ;  and  they  are  arranged 
in  the  order  of  their  weights,  which  is  found  to  correspond  also, 
in  almost  every  case,  to  their  electrical  relations.  Each  group 
forms  a  very  limited  chemical  series ;  and  not  only  the  weights 
and  the  electrical  relations  of  the  atoms^  but  also  many  of  the 
physical  qualities  of  the  elementary  substances,  vary  regularly 
as  we  pass  from  one  end  of  the  series  to  the  other.  The  order 
of  the  \ariation,  however,  is  not  always  the  same  ;  for  while  in 
some  cases  the  lightest  atoms  of  a  series  are  the  most  electro- 
negative, in  other  cases  they  are  the  most  electro-positive. 

Thirdly,  in  arranging  the  groups  of  allied  atoms  we  have 
followed  the  prevailing  quantivalence  of  the  group,  and  those 
groups  whose  elementary  atoms  exhibit  in  general  the  lowest 
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Haying  developed  in  Part  L  the  fundamental  principles  of 
chemical  science,  we  shall  next  give,  in  Part  II.,  a  brief  sum- 
inarj  of  the  more  important  elements  and  compounds,  exhib- 
iting their  constitution  and  relations  by  means  of  formulae  and 
reactions,  and  adding  a  number  of  questions  and  problems, 
which  will  serve  to  direct  the  attention  of  the  student  to  the 
more  important  facts  and  principles,  or  to  those  which,  beina 
only  implied  in  the  context,  might  be  otherwise  overlooked, 
and  which  will  also  give  him  the  means  of  testing  the  thor- 
oughness and  accuracy  of  his  knowledge.  The  answers  to  the 
problems  have  been  calculated  with  the  four-place  logarithms, 
which  will  be  found  at  the  end  of  the  volume.  Used  in  con- 
nection with  the  table  of  antilogarithms  which  accompanies 
them,  the  logarithms  give  results  which  are  accurate  to  the 
fourth  significant  figure,  and  this  degree  of  accuracy  exceeds 
in  almost  every  case  that  of  the  experimental  data  given  in 
the  problems.  With  certain  exceptions  referred  to  below,  the 
answers  to  the  questions  are  either  stated  or  implied  in  the 
immediate  context,  or  in  the  sections  and  formulae  to  which 
reference  is  made.  The  references  to  sections  are  enclosed  in 
parentheses,  and  those  to  formulae  in  brackets.  Direct  ques- 
tions on  the  facts  stated  in  the  summary  are  seldom  given,  and 
obviously  would  be  superfluous ;  but  the  student  should  make 
himself  thorouf^hly  acquainted  with  the  subject-matter  of  each 
section  before  he  attempts  to  answer  the  questions  or  solve  the 
problems  which  follow.  In  studying  the  book,  however,  he 
should  aim  to  acquire  a  knowledge  of  the  general  principles 
and  mutual  relations  which  are  exhibited,  rather  than  to  com- 
mit to  memory  the  isolated  facts.  He  must  never  forget  that 
be  is  dealing,  not  with  abstractions,  but  with  real  things  and 
actual  phenomena,  and  that  chemical  formulae  are  merely  ex- 
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pressions  of  definite  facts  ascertained  by  experiment.  Moi^ 
over,  he  must  discriminate  with  the  greatest  care  between  the 
facts  directly  stated  or  expressed  by  the  reactions,  and  the  in- 
ferences drawn  from  them,  and  he  should  be  required  to  state 
clearly  the  successive  steps  in  every  process  of  inductive  rea- 
soning. As  was  stated  in  the  preface,  this  portion  of  the  book 
is  only  intended  as  an  auxiliary  to  lecture-room  or  laboratory 
instruction,  and  the  closer  the  lessons  can  be  connected  with 
the  experimental  illustrations  the  better. 

The  elements  are  studied  in  the  following  chapters  in  the 
order  in  which  they  are  arranged  in  Table  II.,  and  in  connec- 
tion with  each  element  we  describe,  or  at  least  mention,  the 
more  important  compounds  which  it  forms  with  the  elements 
preceding  it  in  our  classification.  At  least  this  is  the  general 
rule,  but,  so  far  as  regards  the  compounds,  we  do  not  follow 
this  order  invariably,  departing  from  it  whenever  it  may  be 
necessary  to  illustrate  the  relations  of  the  element  we  may  be 
studying.  Thus  we  describe  with  each  element  its  chief  oxy- 
gen and  sulphur  compounds  from  the  first  No  attempt  has 
been  made  to  embrace  the  whole  field,  but  the  aim  has  been  to 
illustrate  fully  the  principles  of  chemical  philosophy,  and  to 
give  a  clear  idea  of  that  phase  of  the  scheme  of  nature  which 
has  been  revealed  by  the  study  of  chemistry.  As  stated  in  the 
Preface,  the  "Questions  and  Problems"  are  an  essential  feature 
in  the  plan  of  the  work,  and  serve  to  supplement  as  well  as  to 
illustrate  the  text  The  student  will  find  that  the  knowledge 
which  he  gains  inferentially,  while  seeking  the  answers  to  the 
questions  or  solving  the  problems,  is  peculiarly  valuable,  and 
the  acquisition  has  something  of  the  zest  of  new  discovery.  As 
he  advances,  he  will  meet  with  questions  which  he  cannot  fully 
answer  without  consulting  more  extended  works,  and  which  are 
intended  to  direct  his  study  beyond  the  limits  of  this  book.  He 
may  consult  in  such  cases  Watts's  Dictionary  of  Chemistry, 
Miller*8  Elements  of  Chemistry,  Percy's  Metallurgy,  and  Dana*8 
System  of  Mineralogy. 


CHAPTER    XVIII. 

THE  PEBISSAD  ELEMENTS. 

Division  I. 

105.  HYDROGEN.  ff=l.  —  Monad.  The  lightest 
atom,  and  the  standard  of  quantivalence.  Very  widely  diffused 
in  nature.  Forms  one  ninth  of  water,  and  is  a  constituent  of 
almost  all  vegetable  and  animal  substances  as  well  as  of  many 
minerals.  The  essential  constituent  of  all  acids  and  bases,  from 
which  it  is  readily  displaced  by  other  atoms. 

106.  Hydrogen  Gas,  H-K  —  The  lightest  substance  known 
in  nature.  Sp.  Gr.  =  1,  the  standard  of  comparison.  Seldom 
found  in  a  free  state  in  nature.  Best  prepared  by  the  action  of 
zinc  or  iron  on  dilute  sulphuric  acid. 

Zli  +  (^2'S'04  +  J^)  =  (Z/i50,  +  J^)+III-SI.    [64]' 

Very  combustible.  Has  the  greatest  calorific  power  of  any 
substance  known.  Aqueous  vapor  sole  product  of  its  com- 
bustion. 

2  mm  +  ®=®  =  2  2^®.  [65] 

107.  Hydric  Oxide  (  Water).  HjO,  —  The  universally  dif- 
fused  liquid  of  the  globe.  The  life-blood  of  nature,  and  the 
chief  constituent  of  organized  beings.  Below  0°  a  crystalline 
solid  (hexagonal  system,  Figs.  14  and  16).  Sp.  Gr.  =  0.918. 
Under  the  ordinary  pressure  of  the  air  it  boils  at  100°,  but 
exists  in  the  atmosphere  in  the  state  of  vapor,  at  all  temper- 
atures. For  maximum  tension  of  vapor  at  different  temper- 
atures see  Chem.  Phys.  (284  and  312).  Water  is  an  almost 
universal  solvent  and  the  medium  of  most  chemical  changes. 
Its  molecular  structure  is  regarded  as  the  type  of  a  very 
large  class  of  chemical  compounds.  Its  composition  may  be 
determined,  —  First,  by  electrolysis  (91  and  [65]  reversed). 

9* 
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Secondly,  by  passing  a  mixture  of  steam  and  dilorine  gas 
through  a  red-hot  tube. 


2Sl8©  +  201-01  =  4SI(31  +  (fiXS). 


[66] 


Thirdly,  by  exploding  in  an  eudiometer-tube  a  mixture  of  oxy- 
gen and  hydrogen  gas  [65].  Fourthly,  by  passing  hydrogen 
gas  over  heated  cupric  oxide. 


Cuo  +  m-m  =  cu  +  sZa®. 

Water  combines  with  anhydrides  to  form  acids,  as 


[67] 


or 


[68] 


It  combines  with  metallic  oxides  to  form  hydrates,  bases,  or 
alkalies,  as 

Na^O+  H,fi  =  2Na'0'HoTCaO+  H^O=C(rOfn,  [6f] 
It  combines  with  many  salts  as  water  of  crystallization,  as 
Fe-SO^ .  7HiO  Cryst  Ferrous  Sulphate. 


108.  HydroxyL  HO,  —  An  important  compound 
which  may  be  regarded  as  a  factor  (28)  in  the  molecules  of 
many  chemical  compounds,  and  for  this  reason  it  is  sometimeB 
convenient  to  write  its  symbol  Ho  (22).  The  oxygen  bases 
may  be  considered  as  compounds  of  hydroxyl  with  electro-posi- 
tive atoms  or  radicals,  and  the  oxygen  acids  as  compounds  of 
the  same  with  electro-negative  atoms  or  radicals.  Thus  we 
may  write  the  symbols  of  the  following  compounds  as  shown 
below :  — 


Sodic  Hydrate 

Na-O-n       or 

Na-Ho, 

Banc  Hydrate 

Ba'O.'IIt       « 

Ba'Uot, 

Ferric  Hydrate 

iFe,-\lOm  " 

[/V,]Lfl!.te 

Kitric  Acid 

H-O-NO^      « 

Ho-NOr 

Sulphuric  Acid 

Il/0,'SO,      « 

HofSO^ 

Phosphoric  Acid 

IfyO^PO      " 

HofPO. 

[70] 


109.  Hydric Peroxide  {Oxygenated  Water),  H^O^w Ho'Bk 
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—-Best  regarded  as  the  '^radical  substance''  (22  and  69) 
corresponding  to  hydroxjl.  In  its  most  concentrated  form  it  b 
a  colorless  liquid  of  the  consistencj  of  syrup,  and  having  a  de- 
cided odor  resembling  chlorine.  Soluble  in  water  in  all  pro- 
portions. Prepared  by  action  of  carbonic  acid  on  baric  peroxide. 

II«Oa+(^2^^»  +  ^g)  =  B«CO,+  (JyaOa  +  ^g).  [71] 

Gtfbonic  anhydride  is  passed  through  water  in  which  BaO^h 
suspended  and  the  solution  of  11^0^  subsequently  evaporated  in 
vacuo.  Decomposed  by  fine  metallic  powders,  and  also  spon- 
taneously at  temperatures  higher  than  22%  into  water  and  oxy- 
gen gas. 

(2J9iO,  +  Aq)  =  (2H^0  +  Aq)  +  (5HD.        [72] 
It  liberates  iodine  from  its  compounds. 

2KI^  {Ho'Bo  +  -i^)  =  ri  +  i^K'Ho  +  Jy).  [73] 
It  generally  acts  as  an  oxidizing  agent 

PbS  +  (4i50,  +  u*y)  =  PbSO^  +  (41^0+  Aq)-  •  [74] 
It  sometimes,  howeTcr,  acts  as  a  redadng  agent 


QuetHons  and  ProUems.^ 

1.  What  distinction  can  be  drawn  between  a  chemical  element 
and  an  elementary  substance,  it  being  understood  that  the  word  ele- 
ment is  used  in  a  restricted  sense,  as  applying  only  to  the  ultimate 
atoms  into  which  matter  may  be  resolved  ?  Illustrate  the  distinction 
by  the  case  of  hydrogen.     (69 ;  18  and  22.) 

2.  What  is  the  essential  characteristic  of  an  acid  and  of  a  base  ? 
(S5  and  36.) 

8.  AVbat  is  the  ground  fi>r  the  belief  that  each  molecule  of  hydro- 
gen gas  consists  of  two  atoms  ?     (19*) 

1  It  is  agsnmed  in  all  the  problems  of  this  book  that  the  temperatnrt  is 
0*  C,  and  the  pressure  76  c.  m.,  unless  otherwise  stated.  The  following 
abbreviations  will  be  used:  c.  m.,  centimetre;  «7m:^  cubio  cent2m«tre; 
dTia?,  cubic  decimetre;  kilo.,  kilogrammet,  &c.    (See  Table  L) 
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4.  The  litre  and  the  crith,  the  molecular  weight  of  hydrogen  and 
its  molecular  volume,  sustain  what  relation  to  each  other  ?  State  the 
reason  for  the  rule  on  page  49.     (2  and  25.) 

5.  How  many  grammes  of  zinc  and  how  many  of  sulphuric  acid 
will  yield  one  litre  of  hydrogen  gas  ? 

Ans.  2.92  grammes  of  zinc,  and  4.89  granmies  of  sulphuric  acid. 

6.  If  45  grammes  of  zinc  are  used  in  reaction  [64],  how  nuuiy 
cubic  centimetres  of  sulphuric  acid  must  be  used  also,  and  how  many 
grammes  of  zincic  sulphate,  and  how  many  litres  of  hydrogen  gas, 
will  be  formed  in  the  process  (Sp,  Gr,  of  H^SO^  ^  1.843)  ? 

Ans.  36.7  cTm.'  of  sulphuric  acid,  111.3  grammes  of  zincic  sul- 
phate, and  15.4  litres  of  hydrogen. 

7.  What  volume  of  water  should  be  mixed  with  the  sulphuric  acid 
in  the  last  problem,  assuming  that  the  reaction  takes  place  at  20^, 
and  that  100  parts  of  water  at  that  temperature  will  dissolve  53 
parts  of  zincic  sulphate? 

Ans.  209.9  c.  m.*,  or  enough  to  dissolve  all  the  zinc  salt  formed. 

8.  What  weight  of  iron  must  be  used  to  generate  sufficient  hydro- 
gen to  raise  in  the  atmosphere  by  its  buoyancy  a  total  weight  of  121 
grammes  (Sp.  Gr.  of  air  14.5  nearly)  ? 

Ans.  100  litres  of  hydrogen  gas  will  be  required,  and  this  can  be 
made  from  250.9  grammes  of  iron. 

9.  Assuming  that  the  principle  of  (1 7)  is  correct,  why  does  it  fol- 
low fh)m  reaction  [65]  that  the  molecule  of  oxygen  gas  must  contain 
at  least  two  atoms  ? 

10.  What  is  the  volume  of  4.480  grammes  of  hydrogen  at  2  7 3°. 2 
[9]?  Ana.  100  litres, 

11.  What  is  the  volume  of  4.480  grammes  of  hydrogen  at  0°  and 
nnder  a  pressure  of  38  c  ul  [4]  ?  Ans.  100  litres. 

12.  A  block  of  ice  weighs  36.72  kilos.     What  is  its  volume  [1]  ? 

Ans.  40  (1.  in.* 

13.  An  iceberg  is  floating  in  sea  water  (5p.(7r.=  1.028).  What 
proportion  of  its  bulk  is  submerged  ?  Ans.  0.8982. 

14.  One  kilogramme  of  steam  at  100®  will  melt  how  many  kiloe. 
of  ice  ? 

Ans.  The  steam  by  condensing  and  cooling  would  give  out  637 
units  of  heat,  which  is  adequate  to  melt  637  -^  79  —  8  -h 
kilogrammes  of  ice.     (14  and  16.) 

15.  What' is  the  weight  of  one  litre  of  confined  steam  at  the  tem- 
perature of  144®  ?     Tension  of  steam  at  144®  equals  4  atmospherea. 

Ans.  Weight  of  litre  of  steam  at  0°  and  76  r.  m.  would  l>e  theo- 
retically 9  criths.  Hence  weight  at  144°  and  4  X  76  c.  dl 
is,  by  [6]  and  [10],  23.5^  criths  or  2.1 1 3  grHmmos. 
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16.  What  is  the  weight  of  oner  litre  of  superheated  steam  under 
normal  pressure,  and  at  546^.4  ?  Ans.  0.2688  grammes. 

1 7.  Water  is  forced  into  a  glass  globe  containing  dry  air,  at  the 
temperature  of  100°  C.  and  under  the  normal  pressure,  as  long  as  it 
continues  to  evaporate.     What  will  be  the  tension  of  the  moist  air  ? 

Ans.  Water  or  any  other  liquid  evaporates  into  a  confined  space 
until  the  vapor  attains  its  maximum  tension  for  the  existing 
temperature,  even  when  the  space  is  filled  with  another  gas ; 
and  the  tension  of  the  mixture  of  gas  and  vapor  is  equal  to 
the  sum  of  the  tension  which  each  woqld  exert  sepdrately. 
Chem.  Phys.  (312).  The  maximum  tension  of  aqueous 
vapor  at  100°  is  76  c.  m.,  and  hence  the  tension  of  the  moist 
air  in  the  globe  must  be  152  c.  m. 

18.  A  volume  of  hydrogen  gas  standing  in  a  bell-glass  over  a 
pneumatic  trough,  and  consequently  saturated  with  moisture,  meas- 
ures 100  crm:*.  The  temperature  is  22°.d  and  pressure  on  the  gas 
76  c  m.  What  would  be  the  volume  under  the  same  conditions  if 
the  air  were  perfectly  dry  ? 

Ans.  The  maximum  tension  of  aqueous  vapor  at  given  temper- 
ature is  2  c.  m.  Hence  if  vapor  were  removed,  the  tension 
of  the  gas  would  become  74  c.  m.,  provided  the  volume  re- 
mained constant  But  the  exterior  pressure  being  76  c.  m., 
the  volume  must  accommodate  itself  to  this  condition,  and 
hence  by  [4]  would  be  reduced  to  97.36  c.  m. 

19.  What  is  the  Sp.  Gr.  of  aqueous  vapor?  What  is  meant  by 
the  term  Sp.  Gr.  as  applied  to  a  vapor,  and  under  what  conditions  is 
it  assumed  to  be  taken  ?     (1  and  1 7.)  Ans.  9. 

20.  In  Table  TIT.  the  weight  of  one  litre  of  aqueous  vapor  under 
the  standard  conditions  of  temperature  and  pressure  is  given  as  9 
criths.  Why  is  this  value  a  fiction  ?  and  why  is  an  impossible  value 
given  in  the  table  ?     Chem.  Phys.  (329). 

21.  In  the  experiment  indicated  by  reaction  [66]  the  oxygen  gas 
was  collected  in  a  bell-glass  over  water.  It  measured  1,101  c.  m.* 
at  the  temperature  22°.3  and  under  a  pressure  .of  76  c.  ra.  What 
was  the  volume  of  chlorine  gas  used,  measured  under  the  normal 
conditions  ?     The  tension  of  aqueous  vapor  at  22°.3  is  2  c.  m. 

Ans.  2  litres. 

22.  How  much  copper  will  be  redttced  in  the  formation  of  nine 
grammes  of  water,  and  what  volume  of  hydrogen  gas  will  be  used  in 
the  reaction  ? 

Ans.  31.7  grammes  of  copper  and  11.16  litres  of  hydrogen. 

28.  It  has  been  found  by  exact  experiments  that  for  every  nine 
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gnunmefl  of  water  formed  by  reaction  [67]  the  cupric  oxide  lost  in 
weight  eight  grammes.  What  is  the  percentage  composition  of 
water?  Ans.  11.112  of  hydrogen  and  88.888  of  oxygen. 

24.  Given  percentage  composition  of  water  and  the  Sp.  6r.  of 
aqueous  rapor,  and  assuming  that  the  molecule  of  water  contain! 
only  one  oxygen  atom,  how  can  yon  deduce  the  atomic  weight  of 
oxygen?     (23.) 

25.  Assuming  that  all  the  heat  of  combustion  is  utilized,  how 
many  litres  of  hydrogen  must  be  burnt  to  convert  into  free  steam 
one  kilogramme  of  boiling  water,  and  how  does  the  volume  of  steam 
generated  compare  with  the  volume  of  gas  burnt  ? 

Ans.  176.8  litres  of  hydrogen  gas  and  1,240  litres  of  steam,  when 
reduced  to  standard  conditions.     (14  and  17.)    (61.) 

26.  Assuming  that  all  the  heat  of  combustion  is  retained  in  the 
aqueous  vapor  formed  from  the  burnt  hydrogen,  how  will  the  vol- 
ume of  the  expanded  vapor  compare  with  that  of  the  ^as  consumed  ? 

Ans.  By  problem  on  page  121  it  appears  that  the  temperature  of 
the  vapor  would  be,  under  the  conditions  assumed,  6,853*. 
Hence  the  volume  would  be  26.08  times  as  great  as  that  of 
the  gas  [9]. 

27.  Assuming  that  the  whole  volume  of  gas  resulting  from  th« 
ekctroIysiB  of  water  is  retained  in  the  space  previously  occupied  by 
the  water,  what  would  be  its  tension  ?      Ans.  1,860  atmospheres. 

28.  What  is  the  relation  of  an  anhydride  to  an  acid,  or  of  a  me- 
tallic oxide  to  a  hydrate  ?     (37  and  47.) 

29.  What  objections  may  be  raised  to  the  method  of  writing  the 
symbols  of  acids  and  bases  used  in  [70]  ? 

80.  What  18  the  distinction  between  a  compound  radical  and  a 
radical  substance  ? 

31.  Why  does  reaction  [73]  sustain  the  view  that  hydric  perox- 
ide contains  the  radical  hydroxyl?  Do  not  reactions  [72],  [74], 
and  [75]  point  to  another  view  <^its  constitution  ?  ^ 

32.  Analyze  reaction  [75],  and  show  that  it  is  in  harmony  with 
the  modem  theory  of  the  constitution  of  the  oxygen  molecule. 
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Division  U. 

110.  FLUORINE.  /'=19.  —  Quantivalence  usually  one, 
but  its  atomicity  is  probably  of  higher  order.  A  chief  constit- 
uent of  fluor-spar,  CaF^  and  of  cryolite,  Na^AliFi^^  Found  also, 
but  in  small  quantities,  in  Apatite,  Tourmaline,  Mica,  and  a  few 
other  minerals.  Also  in  the  bones  of  animals,  especially  in  the 
teeth.  The  elementary  substance  F-F  is  undoubtedly  a  gas, 
but  it  has  not  with  certainty  been  isolated. 

HI.  Hydrofluoric  Add.  HF.  —  The  anhydrous  acid  is  at 
15^  a  colorless  mobile  liquid,  extremely  volatile,  boiling  at  19.5% 
densely  fuming  in  the  air,  and  attracting  greedily  water  from 
the  atmosphere.  It  is  exceedingly  corrosive,  and  a  highly  dan- 
gerous substance.  The  dilute  acid  is  obtained  by  distilling  a 
mixture  of  powdered  fluor-spar  and  sulphuric  acid  in  a  plati- 
num or  lead  retort 

CaPj  +  {H,SO,  +  Aq)  =  CaSO^  +  2315'  +  ^q.  [76] 

Cryolite  may  be  used  advantageously  instead  of  fluor-spar. 
This  acid  is  distinguished  for  its  power  of  dissolving  silica,  with 
which  it  forms  volatile  products.  Hence  it  is  much  used  in 
chemical  analysis  for  decoqiposing  siliceous  minerals,  and  in  the 
arts  for  etching  glass. 

112.  CHLORINE.  C7=35.5.—Quantivalence  usually  one, 
but  atomicity  probably  of  a  higher  order.  Very  widely  dis- 
tributed in  nature,  chiefly  in  combination  with  sodium,  forming 
common  salt. 

113.  Chlorine  Gas.  CI- CI. — Yellowish-green  gas,  which 
may  be  liquefied  by  pressure,  but  has  never  been  frozen.  Sol- 
uble in  water,  with  which  it  forms  at  0®  a  crystalline  hydrate* 
Highly  corrosive,  and  enters  into  direct  union  with  most  of  the 
elementary  substances.  Discharges  vegetable  colors  and  de- 
stroys noxious  effluvias,  and  hence  much  used  in  the  arts  as  a 
bleaching  and  disinfecting  agent.  Best  prepared  by  gently 
heating  in  a  glass  flask  a  mixture  of  hydrochloric  add  aftd  man- 
ganic dioxide. 

ninOa  +  {/^HCl  +  Aq)  = 

{MnCk  -f-  2ir,0  -f.  Aq)  +  Ol-Ol.  [77] 

Chlorine  gas  is  a  very  important  chemical  reagent    It  not^ 
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onlj  converts  many  simple  chlcnndes  into  perchlorides,  bat,  with 
the  intervention  ot'  water  or  ot  some  other  oxygen  compound, 
it  abo  acts  as  an  oxidizing  agent,  and  to  this  et!ect  its  bleaching 
power  La  probably  in  great  measure  owing. 

{SnO^  +  CI  -r  ^^)  =  (ACIj  +  Aq).  [78] 

3Co=(HO).  +  (a-Cl  +  Aq)  = 

[CoJ-HBO).  +  (CoCli  +  Aq).  [79] 

Chlorine  has  also  a  remarkable  power  of  replacing  hydrogen  m 
many  ut*  its  t-omp^junds-    (31) 

114.  Hydntchloric  Aci*L  ff-CL  —  A  colorless  gas  which 
may  be  li>iut^tird  by  cold  and  pressure,  but  has  not  been  frozen. 
Excetniinizlv  soluble  in  water,  which  at  4^  abeorfas  its  own 
wei:rht  or  about  480  times  its  volume  of  the  gas.  This  sola- 
don  is  very  much  used  in  the  laboratory  as  a  reagent,  and  an 
impure  solution  called  muriatic  acid  is  manufactured  on  a  laige 
scale  for  the  uses  of  the  arts.  From  the  Sp.  Gr,  of  the  liqoid 
acid  we  can  determine  very  doeely  the  quantity  of  gas  heki  in 
solution,  by  means  of  tables  in  which  the  results  of  careful  ex- 
perimental determinations  have  been  tabulated.  The  following 
extracts  from  a  table  of  Dr.  Ure's  give  all  the  data  reqoiied  for 
calculating  the  problems  in  this  book. 


Sp.  Gf. 

P*T  C«^t. 

Sp,  Gr. 

Prr  r«it. 

5^    G*. 

P*r  r«»t- 

Sp.  Gr, 

PerCML 

t 

Ha. 
■4*».:7: 

15- «:. 

HCl. 

U-C. 

HCL 

15^  C. 

UCL 

X.Tfn*} 

I.UIO 

2S544 

1 .0r»99 

IS..-U9 

1.0397 

8.1  U 

l.l-iOT 

3'•..^3l.l 

i.i^w 

26..-H>5 

i.o:<ks 

16.310 

1.039S 

6.116 

1.1**  ri 

36.:»9:> 

1.12«« 

24.466 

l.«)6'>: 

14.271 

1.0200 

4.078 

1.1701 

.•U.252 

i.in>2 

22  426 

1-0597 

12.233 

l.OIOO 

S.039 

1.1590 

32.213 

l.HHW 

2tK35i8 

l.«M97 

1«X194 

1.0060 

l.llM 

Muriatic  acid  is  prepared  by  heatin?  common  salt  with  snl- 
phnric  acid  in  large  iron  retorts,  and  conducting  the  gas  formed 
into  lar;ze  glass  vessels  containing  water. 

2Xa  a  +  H,SO,  =z  Xa^SO,  +  2  HSL  [80] 

When  we  make  pure  hydrochloric  acid  in  the  laboratory,  we 
only  u«e  half  as  much  salt.  The  gas  is  then  given  off  at  a 
much  lower  temperature,  and  glass  retorts  may  be  emplojed. 

yaa+(IfySO^+Aq)  =  (H^li'SO,  +  Aq)+mm.  [81] 
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Hydrochloric  acid  may  also  be  obtained  by  directly  uniting 
hydrogen  and  chlorine  gas. 

m-m  +  Ol-Ol  =  2I1I(SL  [82] 

By  electrolyzing  the  aqueous  solution,  the  last  reaction  is  re- 
versed and  the  acid  is  decomposed.  It  may  also  be  readily 
decomposed  by  metallic  sodium. 

2III331  +  ]%a-]Va  =  2]VaCl  +  SI-SI.        [83] 

Liquid  hydrochloric  acid  dissolves  most  of  the  metals  and  the 
metallic  oxides,  and  its  uses  in  practical  chemistry  are  illus- 
trated by  the  following  reactions.     See  also  [77]. 

Sn  +  {2HCI  -f  Aq)  =  {Sna^-\-  Aq)  +  SI-SI.  [84] 

ZnO  +  (2Ha  +  Aq)  =  {ZnCl,-\-H,0-\-  Aq).  [85] 

iAl2'\O,-\-{^HGl  +  Aq)={lAk'\Ck+^H,0+Aq).  [86] 

115.  Compounds  of  Chlorine  and  Oxygen,  —  All  of  them 
unstable  and  most  of  them  explosive.  In  regard  to  their  mo- 
lecular constitution  different  views  are  entertained. 

Hypochlorous  Anhydride         Ci^O  Cl-Q-Cly 


Hypochlorous  Acid 

new 

H-O-Cl, 

Chlorous  Acid 

HCIO^ 

H-O'O-CU 

Chlorous  Anhydride 

cuo. 

Ch  0-0-0' CI, 

Chloric  Acid 

HCIO^ 

HO- 00- CI, 

Chloric  Peroxide 

CkO, 

Cl-0-O-O-O-Cl, 

Perchloric  Acid 

HCW^ 

H-0-O-O-O-Cl 

116.  Potassic  Chlorate.  —  The  most  important  salt  of  any 
of  the  chlorine  oxygen  acids.  Obtained  by  passing  a  stream 
of  chlorine  gas  through  a  warm  solution  of  caustic  potash. 

(6K-0-H+  Aq)  +  3  CI- CI  = 

(XaOs  +  5KCI  +Sff,0  +  Aq).  [87] 

Potassic  chlorate,  being  much  the  less  soluble,  is  readily  freed 
from  the  potassic  chloride  by  two  or  three  crystallizations.  It  is 
decomposed  by  heat  alone  into  potassic  chloride  and  oxygen  gas. 

2KClOs  =  2KCI  -f  3  ®-©.  [8a] 
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Much  used  for  making  oxygen  gas,  and  also  in  fireworks  and 
the  preparation  of  detonating  powder. 

117.  BROMINE.  Br  =  80.  —  Quantivalence  usually  one, 
but  atomicity  probably  of  a  higher  perissad  order.  Associated 
with  chlorine  in  minute  quantities  in  saline  waters  and  certain 
silver  ores.  The  elementary  substance  (Br-Br)  is  a  very  volatile 
deep-red  liquid.  Sp.  G^r.  =  3.187.  Boils  at  63°.  Freezes 
at  7°. 3.  Prepared  from  the  bittern  of  certain  salt  springs,  by 
treating  with  chlorine  and  dissolving  out  the  liberated  bromine 
with  ether- 

118.  IODINE.  7=127.  —  Quantivalence  and  atomicity 
same  as  with  bromine.  Associated  with  chlorine  in  still  smaller 
quantities  than  bromine.  The  elementary  substance  is  obtained 
from  the  ashes  of  certain  seaweeds.  Crystalline  solid  ;  Sp.  Gr, 
=  4.95.  Melts  at  107°.  Boils  at  175°,  forming  a  dense  violet 
vapor.  Very  slightly  soluble  in  water,  but  is  readily  dissolved 
by  alcohol,  ether,  and  carbonic  sulphide.  Imparts  to  starch 
paste  a  deep  blue  color. 

The  three  elements,  chlorine,  bromine,  and  iodine,  form  a 
well-defined  natural  group,  and  a  ciireful  comparison  will  show 
that  the  properties  both  of  the  elementary  substances  and  of 
their  comi)ounds  conform  closely  to  the  law  of  progression  which 
marks  a  chemical  series.  These  elements  are  all  highly  electro- 
negative l>o<lies,  but  as  we  descend  in  the  series  we  find  that 
this  character  becomes  less  marked,  and  hence  their  chemical 
energy,  as  manifested  by  the  strength  of  their  affinity  for  ele- 
ments of  the  opposite  cIjiss,  such  as  hydrogen  and  the  electro- 
positive metals,  diminishes  as  the  atomic  weight  increases; 
and  this  law,  as  will  appear,  obtains  with  few  exceptions  in 
all  the  chemic^il  series.  Moreover,  it  will  hIso  be  found,  aa 
might  indeed  be  anticipated,  that  elements  so  closely  related 
as  these  are  almost  invariably  found  associated  in  nature. 

1 19.  Characteristic  Reactions.  —  The  soluble  chlorides,  bro- 
mides, and  iodides  all  give,  with  a  solution  of  argentic  nitrate, 
precipitates  insoluble  in  water  and  acids.  The  icxlide  of  silver 
may  be  distinguished  from  l)oth  the  chloride  and  the  bromide 
of  the  .v^ame  metal  by  its  yellow  color  and  insolubility  in  aqua 
ammonia,  in  which  the  last  two  readily  dissolve.  Bromine  and 
io<line  may  l)oth  be  expelled  from  their  salts  by  chlorine  gas, 
when  the  first  may  be  recognized  by  the  red  color  which  it  im- 
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parts  to  ether  or  chloroform,  and  the  last  by  the  exceedingly 
characteristic  blue  color  which  it  gives  to  starch  paste.  Flu- 
orine is  easily  discovered  because  its  compounds,  when  heated 
in  a  glass  tube  with  potassic  bisulphate,  yield  hydrofluoric  acid 
which  etches  the  glass.  This  element,  although  closely  allied 
to  the  other  three,  differs  so  greatly  in  some  of  its  chemical  re- 
lations that  it  is  doubtful  whether  it  belongs  to  the  same  chem- 
ical series. 


QitesHons  and  ProUems. 

1.  It  appears  that  10  grammes  of  pure  fluor-«par  yields  17.486 
grammes  of  calcic  sulphate  [76].  Assuming  that  the  atomic  weight 
of  calcium  is  40,  that  of  SO^  96,  and  also  that  the  symbol  of  fluor- 
spar is  CaF^  what  is  the  atomic  weight  of  fluorine  ?  Ans.  19. 

2.  How  much  fluor-spar  and  how  much  sulphuric  acid  must  be 
used  to  generate  sufficient  hydrofluoric  acid  to  neutralize  53  grammes 
of  sodic  carbonate  ? 

Ans.  39  granmies  of  fluor-spar  and  49  of  sulphuric  acid. 

S.   How  much  liquid  hydrochloric  acid,  Sp.  Gr.  1.1893,  and  how 
much  AlnO^j  will  yield  one  litre  of  chlorine  gas  ? 
Ans.  3.897  grammes  of  MnO^  and  17.06  granmies  of  hydrochloric 
acid. 

4.  Fifty-nine  grammes  of  metallic  tin  were  dissolved  in  hydro- 
chloric acid  [84],  and  into  this  solution  chlorine  gas  was  passed  until 
all  the  tin  was  converted  into  perchloride.  How  many  htres  of  hy- 
drogen gas  were  evolved  in  the  first  process,  and  how  many  of  chlo- 
rine gas  absorbed  in  the  second  ?  Ans.  11.16  litres  of  eadi. 

5.  Analyze  reactions  [66  and  79],  and  show  in  what  way  the 
chlorine  gas  acts  as  an  oxidizing  agent 

6.  Five  grammes  of  liquid  hydrochloric  acid  are  mixed  with  a 
solution  of  argentic  nitrate,  the  last  being  in  excess.  The  precipi- 
tated argentic  chloride  was  collected,  washed,  dried,  and  weighed. 
The  weight  was  3.206  grammes.  Required  the  per  cent  of  l^Cl  in 
the  solution.  Ans.  16.31. 

7.  One  volume  of  common  muriatic  acid,  Sp.  Gr,  1.2,  contains 
how  many  volumes  of  HCl  gas  ? 

Ans.  1  c.  m.*,  or  1.200  grammes,  contains  0.489  grammes  of  HClj 
or  315.8  c.  m.*  measured  at  15°  [9]. 

8.  In  order  to  make  one  litre  of  common  muriatic  acid  of  Sp,  Or. 
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1.16,  how  much  salt  and  how  much  sulphuric  acid  must  be  used,  and 
how  much  water  must  be  placed  in  the  condenser  ?  [81] 

Ans.  598.9  grammes  of  salt,  1003.  grammes  of  sulphuric  acid,  and 
786.3  grammes  of  water. 

9.  On  what  does  the  economy  of  the  process  [80]  oyer  [81]  de- 
pend? 

10.  The  reaction  [82]  is  said  to  prove  that  both  hydrogen  and 
chlorine  gas  have  molecules  consisting  of  two  atoms.  On  what  pos- 
tulates does  the  proof  rest  ?     (1 7)  (1 9.) 

11.  One  litre  of  hydrochloric  acid  gas  will  yield  by  [83]  how 
many  litres  of  hydrogen  gas  ?  Ans.  ^  of  a  litre. 

12.  Point  out  the  differences  between  the  reactions  [84,  85,  86, 
and  87],  and  the  relations  on  which  the  differences  depend. 

13.  Show  that  the  compounds  of  chlorine  and  oxygen  may  be  re- 
garded as  compounds  of  chlorine  and  hydroxyl,  less  a  certain  number 
of  molecules  of  water.    What  atomicity  would  it  then  be  necessary 

to  assign  to  chlorine  ? 

vn  vn 

Ans.  For  one  case,  (HO>tu  CI  —  SH^O  =«  (JlOyCHOfi.O. 

14.  It  has  been  found  by  very  careful  experiments  that  100  parti 
of  potassic  chlorate  yield  by  [88]  60.85  parts  of  potassic  chloride ; 
and  further,  that  100  parts  of  potassic  chloride  give  by  precipitation 
192.4  parts  of  ai^entic  chloride.  Assuming  that  the  symbols  of 
these  compounds  are  those  given  above,  what  must  be  the  atomic 
weights  of  chlorine,  potassium,  and  silver  ?  It  is  also  assumed,  M 
found  by  previous  experiments,  that  the  atomic  weight  of  oxygen  is 
16,  and  that  100  parts  of  silver  combine  with  32.87  of  chlorine. 

Ans.  CI  =  35.5,  K  «  39.1,  Ag  =  108. 

16.  The  chlorine  gas  evolved  from  1.7.40  grammes  of  Jl/nO,  is 
passed  into  a  solution  of  potassic  iodide.  How  much  iodine  will  ba 
thus  set  free?  Ans.   5.081  grammes. 

16.  Bromine  and  iodine  form  both  with  hydrogen  and  oxygen 
compounds  similar  to  those  of  chlorine.  Compare  together  the  sev- 
eral compounds  and  point  out  the  resemblances  and  differences  in 
their  properties.    (See  Miller's  Chemistry.) 


§  123.]  SODIUM.  213 


Division  HI. 

120.  SODIUM,  .ya  =  23.  —  Monad.  Combined  with 
chlorine  it  forms  common  salt,  a  substance  which  is  very 
widely  distributed  throughout  nature.  It  also  enters  into  the 
composition  of  a  few  other  minerals  as  an  essential  constituent, 
and  several  of  its  salts  find  important  applications  both  in  the 
arts  and  in  common  life. 

121.  Metallic  Sodium,  Na-Na.  —  Soft,  white  metal  with 
brilliant  lustre,  but  rapidly  tarnishing  in  the  air.  Sp.  Gr,  = 
0.97.  Fuses  at  90°,  and  boils  at  a  red  heat.  When  heated 
in  the  air,  it  burns  with  intensely  yellow  flame.  Decomposes 
water  at  the  lowest  temperatures.  Prepared  by  distilling  in  an 
iron  retort  a  mixture  of  sodic  carbonate  and  charcoaL 

]Va,C03  +  2  C  =  S!ra-S5ra  +  3  O®.  [89] 

Used  in  the  extraction  of  aluminum,  and  in  the  chemist's  labora- 
tory as  a  powerful  reducing  agent. 

122.  Sodic  Chloride  {Common  Salt),  NaCl,  —  White  crys- 
talline salt  (IsoHietric,  Fig.  7).  Sp.  Gr,  =  2.078.  Melts  at 
red  heat.  Volatilizes  at  white  heat.  Soluble  in  about  three 
times  its  weight  of  water.  Obtained  from  salt-beds  and  by  the 
evaporation  of  saline  waters.  An  essential  article  of  food.  The 
source  of  alny)st  all  the  sodium  salts.    Used  for  preserving  meat. 

123.  Sodic  Carbonate  (Sal  Soda),  NaoCO^,  —  The  crystal- 
lized salt  contains  in  addition  10 H^O,  but  effloresces  in  dry  air. 
White  soluble  salt,  having  an  alkaline  reaction.  Formerly  pre- 
pared by  the  lixiviation  of  the  ashes  of  certain  marine  plants 
called  barilla.  Now  almost  universally  made  from  common 
salt  by  Lcblanc's  process.  This  consists,  —  First,  in  treating 
common  salt  with  sulphuric  acid,  which  converts  sodic  chloride 
into  sodic  sulphate. 

2JVa  CI  +  Ii:,SO^  =  Na^SO^  +  2  SIOl.  [90] 

Secondly,  in  melting  on  the  hearth  of  a  reverberatory  furnace 
the  sodic  sulphate  with  chalk  and  fine  coal. 

hNa,,SO,  +  20  C=  bNa^S  +  200®.  [91] 

bNa.,S-{'7CaC0^  = 

oNfuCO^  +  bCaS.  2CaO  +  2(c3ci5).  r921 
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Thirdly,  by  lixiviating  the  non-volatile  product  of  the  last 
action  (called  black-ball)  with  water,  which  dissolves  only  the 
sodic  carbonate.  Used  in  washing,  in  the  manufacture  of  glass 
and  soap,  and  in  the  preparation  of  other  sodium  salts.  Also 
an  important  reagent  in  the  laboratory.  Precipitates  from  so- 
lution of  their  salts  most  of  the  metals,  generally  as  carbonates. 

(  Ca  CI, + m.,  CO,  +  Aq)  =  CaCOs  +  (2Na  a+Aq).  [93] 

When  fused  in  large  excess  with  insoluble  silicates  or  sulphates, 
it  decomposes  them.  Sodic  silicate  or  sulphate  is  formed,  which 
is  soluble  in  water,  and  metalUc  carbonates,  soluble  in  acids. 

BaSO^-{'xNa.,COs=z 

jBaCOs  +  Na^SO^  -j.  (^  —  1)  Na^COj^  [94] 

124.  Acid  Sodic  Carbonate  (^Bicarbonate  of  Soda) .  HyNa  «  CO^ 
—  The  crystallized  neutral  carbonate,  when  exposed  to  an  at- 
mosphere of  carbonic  anhydride,  absorbs  the  gas  and  is  converted 
into  this  product  (a  white  powder). 

Na^CO, .  IO//2O  -f  (g©2  =  2H,Na'-C0,  +  9^,0.  [95] 

Used,  under  the  name  of  saleratus,  for  raising  bread,  and  in  the 
preparation  of  various  effervescing  powders. 

{ff^a-'COs  +  B,K=C,H,Oe  -{- Aq)  =  ^ 

Crvam  of  Tartar. 

{Na.K-C,fftO,  +  JT,0  +  Aq)  +  O©^  [96] 

BochcUe  Salt*. 

125.  Sodic  Hydrate  {Caustic  Soda).  Na-O-H,  —  AmoT" 
phoiis  white  solid,  having  very  strong  attraction  for  water,  in 
which  it  dissolves  in  all  proportions,  evolving  considerable  heat 
Solution  powerfully  alkaline  and  strongly  caustic  Prepared 
by  adding  milk  of  lime  to  a  solution  of  sodic  carbonate. 

{Na^'CO,  -f  Ca'{HO),  +  Aq)  = 

CaCOa  +  (2iVb-^0  4- ^9).  [97] 

To  obtain  the  solid,  the  solution  must  be  decanted  from  the  in- 
soluble chalk  ( CaCi\)  and  evaponited  to  drj-ness.  The  solu- 
tion itself  is  a  very  valuable  reagent  in  the  laboratory,  and  a 
crude   solution    (lye)   is  used  in   the  arts  for  making  soap* 
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Caustic  soda  will  completely  neutralize  the  strongest  acids.  On 
evaporating  the  neutral  solution,  we  obtain  the  sodic  salt  of  the 
acid  used. 

{NaO-ir+  HO-NO^  +  Aq)  = 

NaO'NO^^ H^O -{•  Aq).  [98] 

{2NaO-HA-  {HO)fC^O^  +  Aq)  = 

Oxalic  Acid. 

{(NaO)rC^O^  +  2Zr,0  +  Aq).  [99] 

Sodic  salts  of  weak  acids  have  an  alkaline  reaction. 

126.  Oxides  of  Sodium*  —  Sodic  Oxide,  Na^O,  Sodic  Per- 
oxide, Na.f(0'0). 

127.  Sodic NitraU {Chili SaUpetre or CuUc Nitre).  Na-NOg. 
—  A  natural  product  found  incrusting  the  soil  in  the  desert  of 
Atacama.  Crystallizes  in  rhombohedrons  resembling  cubes. 
Much  used  for  making  nitric  acid. 

128.  POTASSIUM.  ^=  39.1.  —  Monad.  An  impor- 
tant constituent  of  felspar  and  mica,  two  very  widely  distrib- 
uted siliceous  minerals.  A  constituent  also  of  all  fertile  soils 
which  are  formed  in  part  by  the  disintegration  of  rocks  con- 
taining these  minerals.  By  the  action  of  atmospheric  agents 
on  the  soil,  soluble  potassium  salts  are  formed  which  are  ab- 
sorbed by  the  growing  plants,  whose  ashes  are  the  chief  source 
of  the  potassium  salts  of  commerce.  But  these  salts  are  now 
also  obtained  from  the  salt-beds  of  Stassfurt  in  Germany. 

129.  Metallic  Potassium.  K-K.  —  Resembles  sodium,  but 
has  a  bluish  tinge  of  color ;  ^.  GV.  =  0.865.  Brittle  at  0®. 
Soft  at  15°.  Melts  at  55°.  Sublimes  in  green  vapors  at  a  low 
red  heat.  Bums  when  heated  in  the  air,  and  takes  fire  spon- 
taneously on  water.  Prepared  by  distilling  in  an  iron  retort 
the  intimate  mixture  of  potassic  carbonate  and  charcoal  obtained 
by  charring  crude  tartar.  Reaction  same  as  [89],  substituting 
K  for  Na,  More  powerful  reducing  agent  than  sodium ;  hence 
obtained  with  greater  difficulty.  More  expensive,  and  less  used 
on  that  account. 

130.  Potassic  CarhonaU.  K^CO^  —  White  deliquescent 
salt,  with  strong  alkaline  reaction.  The  crude  salt  (Pot-ashes 
of  commerce)  is  obtained  by  lixiviating  wood-ashes  and  evap- 
orating the  lixivium.  Purified  by  dissolving  in  a  small  quantity 
of  boiling  water^  and  crystallizing  out  the  impurities.     Largely 
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consumed  in  the  arts  for  manufacturing  glass  and  soap,  azid  for 
preparing  other  compounds  of  potassium. 

131.  Acid  Potassic  Carbonate  (^Bicarbonate  of  Potash), 
JIjK=COs,  —  White  crystalline  salt,  prepared  by  passing  CO^ 
through  a  strong  solution  of  the  neutral  carbonate.  Beactioii 
like  [95],  substituting  K  for  No, 

132.  Potassic  HydraU  {Caustic  Potash).  H^KrO,  —  White 
amorplious  solid,  prepared  like  caustic  soda  [97],  which  it 
closely  resembles,  but  is  more  deliquescent  and  more  strongly 
alkaline.  Forms  with  fats  ^  sofl  soaps,"  while  soda  forms  ^  hard 
soaps."  Like  caustic  soda,  an  important  reagent  in  the  labor- 
atory. Precipitates  from  solutions  of  their  salts  most  of  the 
metals,  generally  as  hydrates,  but  sometimes  as  oxides.  In 
some  cases  the  precipitate  is  soluble  in  an  excess  of  the 
reagent. 

(^Ca-SO^  +  ^K-{HG)  +  Aq)  = 

Ca=(BO)2  +  {K^SO,  +  Aq).  [100] 

{2Ag-N0,  +  2KiII0)  +  Aq)  = 

Ag,0  +  (//,0  +  2K-N0^  +  Aq).  [101] 

([^y  4  +  ^K-{HO)  +  Aq)  = 

[AIJKHO),  +  {(^KCl  +  Aq).  [102] 

[  AlJI(HO)c  +  a^K-HO  +  Aq)  = 

(K^O^lAI^  +  6JI,0  +  Aq).  [103] 

PoUmic  Alumiaate. 

133.  Oxides  of  Potassium.  —  Potassic  Oxide,  A/O.  Po- 
tassi(!  I)i..xi.le,  K.r(O-O),   Potjussic  Tetroxide,  A'.fiO-O'O-O). 

134.  Potassic  Chloride  {Sylrine).  KCl,  —  Isomorphous  with 
Na CI  Found  associated  witli  Carnallite  {KCl .  MgCl^ .  OH^O) 
in  the  mines  of  Stassfurt. 

135.  Potassic  Nitrate  {Nitre),  iuYO^.  — White  crj-stalline 
salt.  Dimorphous.  Usual  iomi  of  crystals  orthorhombic  prisms, 
but  uiwh»r  OTUiin  conditions  crystallizes  in  rhombohedra  like 
NaNOi  (Ilfxagonal).  Melts  at  389''  without  decomposition. 
Is  decomposed  at  a  red  heat,  giving  off  a  mixture  of  oxygen  and 
nitrogen  p:is.  Deflagrates  on  glowing  c&nU,  Nitre  is  a  natural 
product,  and  is  chiefly  used  in  the  manufaeturo  of  gunpowder. 
It  is  al.-o  employed  in  curing  meat,  and  tlio  fu>ed  sidt  (sal  pru- 
nelle)  is  a  useful  medicine 
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136.  Characteristic  Reactions.  —  Salts  of  potassium  are  dis- 
tmguished  from  those  of  sodium  by  giving  a  precipitate  with  an 
excess  of  tartaric  acid  and  with  acid  platinic  chloride. 

Tartaric  Acid. 

H,K=C4B40,+  (J?CT  +  ^9).  [104] 

Acid  PotaMic  Tartrate. 

{2KCI  +  Pta^H^  +  Aq)  = 

PtCleKs  +  (2J7CZ  +  Aq).  [105] 

137.  Lithium,  Rubidium,  and  Ctesium  are  found  in  very 
minute  quantities  in  certain  mineral  waters,  in  lepidolite  mica, 
and  in  a  few  other  rare  minerals.  They  are  always  associated 
with  potassium  and  sodium,  to  which  they  are  closely  allied  in 
all  their  chemical  relations.  They  form  with  sodium  and  po- 
tassium a  series  of  electro-positive  elements  quite  as  well  marked 
as  the  series  of  electro-negative  elements  of  the  previous  group ; 
and,  following  the  same  law,  the  most  electro-positive  elements 
are  the  lowest  in  the  series  and  have  the  highest  atomic  weights. 
Hence^  therefore,  the  chemical  energy  of  the  elements  of  this 
group,  as  manifested  by  the  strength  of  their  affinities  for  ele- 
ments of  the  opposite  class,  like  those  of  the  chlorine  group, 
increases  as  we  descend  in  the  series. 

138.  Characteristic  Reactions.  —  The  compounds  of  each  of 
the  five  ^  alkaline  metals  "  impart  a  peculiar  color  to  the  flame 
of  the  Bunsen  lamp.  These  colored  flames,  when  examined 
with  the  spectroscope,  exhibit  characteristic  bands,  by  which 

the  elements  may  be  distinguished,  and  both  rubidium  and  ae-         ^^ 
slum  were  discovered  by  this  means.     (Chapter  XVI.)  ^^\v>^V»^^ 

Questions  and  Problems.  ^C-v--  -."  ^^ 

1.  What  is  the  Sp.  Gr.  of  sodium  vapor  ?  Ans.  23.     \///T7ry,\^ 

2.  AVhat  is  the  weight  of  one  litre  of  sodium  vapor  at  1,093®,  but      "^ 
under  the  normal  pressure?     [9]  and  (1). 

Ans.  Weight  of  hydrogen  gas  under  the  conditions  named  is  ^  of 
a  crith.  Hence,  weight  of  sodium  vapor  b  4.6  criths  or 
0.4 1 2 1  of  a  gramme. 

3.  In  the  preparation  of  sodium  [89]  what  weight  of  metal  ought 
to  be  obtained  from  20  kilos,  of  sodic  carbonate,  and  how  many  litres 

10 
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of  carbonic  oxide  gas  should  be  finrned  for  every  gramme  of  ao^um 
obtained  ? 

Ans.  8.680  kilos,  of  sodium  and  1.456  litres  of  carbonic  oude. 

4.  One  cubic  decimetre  of  rock-salt  contains  how  many  cnbic 
decimetres  of  metallic  sodium,  and  how  many  litres  of  chlorine  gas? 

Ans.  0.8422  dTm?  of  sodium  and  896.5  litres  of  chlorine. 

5.  To  what  extent  is  the  solubility  of  conmion  salt  influenced  by 
the  temperature  ?     (Fig.  2,  page  108.) 

6.  Given  the  specific  heat  of  common  salt  (0.214),  and  the  atomic 
weights  of  its  elements  (sodium  and  chlorine),  to  find  its  symbol. 

7.  How  much  carbonate  of  soda  can  be  made  from  500  kilo- 
grammes of  common  salt  V     How  much  sulphuric  acid  ?     How  much  • 
coal  and  huw  much  chalk  are  required  in  the  process,  according  to 
the  theory  V 

Ans.  453  kilos,  of  XaCO^,  418.8  kilos,  of  H^SO^,  205  kilos,  of  C, 
and  598.2  of  CaC'O,. 

8.  AVhat  relation  ought  the  price  of  crystallized  carbonate  of  soda 
to  bear  to  that  of  the  dry  salt,  if  the  intrinsic  value  is  alone  consid- 
ered? Ans.  Price  of  dry  salt  2.7  of  crystallized. 

9.  In  order  to  convert  ten  kilo<:^rammes  of  crystallized  sodic  car- 
bonate into  acid  carbonate,  what  volume  of  CO^  will  be  absorbed  ? 

Ans.  780.3  litres. 

10.  What  is  the  difference  between  the  two  sodic  carbonates,  and 
what  is  the  reason  for  the  name  acid  carbonate  ?     (36). 

11.  What  volume  of  CO^  can  be  obtained  from  3.72  grammes  d 
acid  sodic  carbonate  ?    [96].  Ans.  1  litre. 

12.  The  sj-mbol  of  sodic  hydrate  may  be  written  Na-O-H^  or 
Na-Ho^  or  (NaO)'II,  and  to  what  three  possible  views  of  its  consti- 
tution do  these  symbols  correspond  ?  [70]  (235).  AVhy  should  the 
ratlicals  HO  or  NaO  be  monads,  and  what  advantage  would  be 
gained  by  writing  the  symbol  in  one  way  or  the  other?  (22)  and 
(28). 

13.  AVhy  does  calcic  hydrate,  a  comparatively  weak  base,  decom- 
pose sodic  carbonate  ?     (21)  (52). 

14.  A  solution  of  caustic  soda  was  exactly  neutralized  by  0.630 
of  a  gramme  of  crystallized  oxalic  acid  (//o,=C,(), .  2/7,0).  What 
weight  of  8o<lium  does  it  contain  ?  Ans.  0.230  of  a  gramme. 

15.  In  what  different  ways  may  you  write  the  symbol  of  potassio 
nitrate?  Illustrate  by  diagrams  like  those  of  (84).  State  what 
rules  must  be  followed  in  grouping  the  atoms.     (22,  28,  34,  and  69.) 

Ads.  K-NO^KO-NO^,otK'0-NO^ 
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16.  Wbat  conclusions  may  be  drawn  in  regard  to  the  distribution 
of  the  soluble  salts  of  sodium  and  potassium  based  on  the  nature  of 
the  plants  from  which  they  are  obtained  ? 

1 7.  On  what  relations  of  solubility  does  the  process  of  purifying 
potassic  carbonate  depend  ? 

18.  If  in  a  chemical  process  potassic  or  sodic  carbonates  may  be 
used  indifferently^  what  relation  ought  their  prices  to  bear  to  each 
other  in  order  that  they  may  be  used  with  equal  profit  ? 

Ans.  188  :  106. 

19.  Analyze  equations  [100,  101,  102,  103],  and  show  that  the 
various  symbols  are  written  in  conformity  to  the  rules  referred  to 
above,  No.  15. 

20.  If  a  saturated  solution  of  nitre  is  made  at  88**,  and  subse- 
quently cooled  to  10°,  what  proportion  of  the  salt  will  crystallize 
out  ?     (Fig.  2.)  Ans.  Two  thirds. 

21.  The  diflerence  between  the  two  kinds  of  soap  corresponds  to 
what  difference  of  properties  between  sodic  and  potassic  carbonate  ? 

Ans.  The  one  effloresces  and  the  other  deliquesces  in  the  air. 

22.  Draw  diagrams  illustrating  the  constitution  of  the  different 
potassic  oxides.     (84.) 

28.  Why  would  not  the  salts  of  sodium  be  precipitated  by  the 
same  reagents  used  in  [104  and  105]  ?  Apply  the  same  principle  to 
the  interpretation  of  the  other  reactions  of  this  section. 
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Division  TF. 

139.  SILVER.  Ag  =  108.  —  Monad.  Fotmd  in  small 
quantities  in  nature,  chiefly  in  the  metallic  state,  or  in  com* 
bination  with  chlorine,  sulphur,  arsenic,  or  antimony. 

140.  MetaUic  Silver.  Ag-Ag^  —  Sp,  Gr.  10.474.  Fuses 
at  about  1,000°.    The  principal  ores  are 

Native  Silver  Ag-Ag^ 

Horn  Silver  AgCl^ 

Silver  Glance  Ag^S^ 

Light-red  Silver  Ore  (Proustite)  {,AgS)^Az^ 

Dark-red  Silver  Ore  (Pyrargyrite)  (AgS)^Sb. 

These  ores  are  found  chiefly  in  mineral  veins  either  by  them- 
selves or  associated  with  ores  of  lead  and  copper,  with  which 
they  are  frequently  smelted,  and  the  silver  subsequently  sepa- 
rated from  the  regulus  thus  obtained.  Silver  does  not  oxidize 
when  heated  in  contact  with  the  air,  and  for  this  reason  is 
readily  separated  from  lead  in  the  process  of  cupellation. 

xAg^  .  yPh  +  iy(>=  0  =  xAg-Ag  +  yPh  0.     [106] 

The  cupel  furnace  is  so  arranged  that  the  melted  litharge  {PbO) 
runs  off  as  fast  as  formed,  and  leaves  the  silver  pure.  Melted 
silver  can  dissolve  about  twenty-two  times  its  volume  of  oxy- 
gen gas ;  but  the  gas  is  given  off,  in  great  measure,  when  the 
metal  solidifies. 

141.  Argentic  Nitrate.  -^^riVOg.  — The  most  important  sol- 
uble salt  of  silver.  Obtained  by  dissolving  silver  in  dilute  ni- 
tric acid. 

ZAg-Ag  +  {%HNO,  +  Aq)  = 

{(jAgNO:^  +  AH^O  +  Aq)  +  2IiJrD.  [107] 

White  crystalline  solid  which  melts  at  219°.  Fused  salt  is 
called  lunar  caustic,  and  is  much  used  in  surgery  as  a  cautery. 
Argentic  nitrate,  although  not  chiuiged  by  the  light  when  pt!re, 
is  readily  decomposed  when  in  contact  with  organic  matter,  and 
the  black  stain  of  metallic  silver  thus  formed  cannot  be  removed 
by  washing.     Hence  its  application  for  making  hxur  dyes  and 
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indelible  ink.  It  is  also  used  in  large  quantities  in  the  art  of 
photography. 

142.  Argentic  Chloride.  AgCL  —  White  crystalline  solid 
(Fig.  7).  Melts  at  about  260®,  and  on  cooling  forms  a  horny 
sectile  mass,  whence  the  mineralogical  name,  horn  silver.  Pre- 
pared by  adding  to  a  solution  of  argentic  nitrate  any  soluble 
chloride. 

{AgNO^+Naa  +  Aq)  =  Aff:i'\'{NaNO,-\-Aq).  [108] 

We  thus  obtain  a  white  curdy  precipitate,  which  is  insoluble  in 
water  and  acids,  but  soluble  in  ammonia,  in  potassic  cyanide, 
and  in  sodic  hyposulphite.  Owing  to  a  partial  reduction,  the 
white  powder  blackens  in  the  light,  especially  in  the  presence 
of  organic  matter  and  an  excess  of  argentic  nitrate.  On  this 
property  is  based  the  ordinary  process  of  photographic  printing. 
In  contact  with  dilute  acids,  argentic  chloride  is  very  readily 
reduced  by  metallic  zinc. 

2AgCl+  Zn  =  ZnCl^-\-  Ag^.  [109] 

It  may  also  be  reduced  by  hydrogen  or  hydrocarbon  gas  passed 
over  the  chloride  in  a  heated  tube. 

2  AgCl  +  m-m  =  Ay-A  g  +  23101.       [1 10] 

In  the  process  of  electro-plating,  argentic  chloride,  dissolved  in 
an  aqueous  solution  of  potassic  cyanide,  is  decomposed  by  the 
electric  current     (91). 

143.  Argentic  Bromide^  AgBr,  and  Argentic  Iodide,  Agl, 
resemble  argentic  chloride,  and  are  formed  in  a  similar  way. 
The  last,  however,  has  a  yellow  color,  and  is  insoluble  in  am- 
monia. In  presence  of  an  excess  of  argentic  nitrate,  and  afler 
exposure  to  light,  they  are  at  once  reduced  to  the  metallic  state 
by  solution  of  ferrous  sulphate.  Before  exposure  the  reduction 
takes  place  very  slowly,  and  on  this  reaction  is  based  the  art 
of  photography.  The  steps  of  the  process  are :  1.  Spreading 
over  a  glass  plate  a  film  of  collodion,  holding  in  solution  a  mix- 
ture of  metallic  bromides  and  iodides ;  2.  Immersing  the  coated 
plate  in  a  solution  of  argentic  nitrate  until  a  lAixture  of  argen- 
tic bromide  and  iodide  is  formed  in  the  film ;  3.  Exposing  the 
plate  to  light  in  the  camera,  where  the  image  formed  by  a  lens 
falls  upon  it ;  4.  Developing  the  latent  image  by  a  solution  of 
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ferrous  sulphate;  5.  Dissolving  out  the  undecomposed  silver 
salt  by  a  solution  of  sodic  hyposulphite. 

144.  Argentic  Oxide.  Ag.fi,  Argentic  Peroxide.  Agfi^ 
•^  The  first  is  very  slightly  soluble  in  water,  and  the  solution 
has  an  alkaline  reaction. 

145.  Characteristic  Tests.  —  Most  silver  compounds  may  be 
reduced  to  pure  silver  before  the  blow-pipe;  and  whenever 
they  are  brought  into  solution  the  silver  can  be  recognized  and 
the  amount  very  accurately  determined  by  the  reaction  just 
given.  [108].  Silver  is  remarkable  for  forming  anhydrous 
salts ;  and  whenever  we  wish  to  determine  the  molecular  weight 
of  an  acid,  it  is  generally  best  to  analyze  its  silver  salt      (68). 


Division  V. 

146.  THALLIUM,  r/ =  204.  —  Usual  quantivalence 
one,  but  atomicity  probably  three.  A  very  rare  element,  found 
in  some  varieties  of  pyrites.  Its  oxide,  7^0,  is  soluble  in 
water,  and  absorbs  carbonic  anhydride  from  the  air.  Its  vapor 
imparts  a  green  color  to  the  flame  of  a  Bunsen  lamp,  and  shows 
a  single  green  band  in  the  spectroscope. 


Division  VI. 

147.  GOLD.  Au  =  197.  —  Triad.  Probable  molecular 
symbol  of  metal,  AuzAu.  Almost  always  found  in  the  native 
state,  or  only  eliglitly  alloyed  with  other  metals.  The  only 
well-defined  native  compounds  are  those  with  Tellurium. 
Very  sparingly  but  very  widely  disseminated  through  many  of 
the  crystalline  rocks  and  in  the  alluvium  resulting  from  their 
disintegration.  In  the  gold-bearing  rocks  the  metal  is  frequently 
found  accumulated  to  a  greater  or  less  extent  in  veins  of  quartz 
(auriferous  quartz).  It  is  also  constantly  associated  in  minute 
quantities  with  other  metallic  ores,  especially  with  those  of  sil- 
ver, and  in  some  localities  the  veins  of  iron  and  copper  pyrites 
yield  large  amounts  of  the  precious  metal.  It  is  extracted 
either  by  simple  washing  or  by  bringing  the  finely  pulverized 
ore  in  contact  with  metallic  mercury,  which  has  a  great  afiSnity 
for  gold  and  picks  out  the  minute  particles  from  the  mass  of 
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refuse.  The  process  is  very  simple,  and  the  cost  of  the  product 
depends,  to  a  great  extent,  on  the  very  large  amount  of  material 
which  mu.st  be  handled ;  for  gold  ores  do  not  on  the  average 
contain  but  a  few  ounces  of  metal  to  the  ton.  From  the  re- 
suhing  amalgam  the  mercury  is  recovered  by  distillation,  and 
the  residual  metal  may  then  be  melted  and  cast  into  bars.  The 
gold  thus  obtaincid,  however,  is  more  or  less  alloyed,  chiefly 
with  silver,  and  is  refined  before  being  used  for  coinage.  This 
is  best  accomplished  by  dissolving  the  metal  in  aqua-regia, 
evaporating  to  dryness  to  remove  the  excess  of  nitric  acid,  dis- 
solving in  a  large  volume  of  water,  and  precipitating  the  gold 
with  ferrous  sulphate.  Lastly,  the  precipitate  is  collected  and 
melted  under  borax.  If  the  proportion  of  alloy  is  very  large, 
it  is  best  removed  by  boiling  the  metal  with  nitric  or  sulphuric 
acid.  When  nitric  acid  is  used  for  parting  gold  from  silver, 
the  separation  is  not  complete  when  the  amount  of  gold  is 
more  than  one  fourth  of  the  weight  of  the  alloy ;  and  since  in 
most  cases  the  alloy  must  be  first  reduced  to  this  proportion, 
the  process  is  called  quai*tation.  When  sulphuric  acid  is  used, 
the  amount  of  gold  must  not  exceed  one  fitlh. 

Grold  has  been  called  the  king  of  metals ;  for  it  not  only  pos- 
sesses the  qualities  distinguishing  a  metal  in  their  highest  per- 
fection, but  also,  under  all  ordinary  conditions,  preserves  its 
brilliant  lustre  unimpaired.  With  the  exception  of  platinum, 
iridium,  and  osmium,  gold  is  the  densest  solid  known ;  Sp.  Gr. 
19.34.  It  may  be  drawn  into  wire  of  such  fineness  that  three 
kilometres  only  weigh  a  single  gramme,  and  may  be  beaten 
into  leaves  not  more  than  one  ten-thousandth  of  a  millimetre 
thick.  Gold  has  a  familiar  yellow  color,  but  thin  leaves  trans- 
mit a  jrreen  lijjht.  It  has  been  found  that  an  exceedinjrly  thin 
film  of  gold  attached  to  the  surface  of  a  glass  plate,  and  heated 
to  a  temperature  not  exceeding  315°,  loses  its  metallic  lustre 
and  ap[)ears  ruby-red  by  transmitted  light ;  and  finely  divided 
gold,  when  suspended  in  water  or  melted  into  glass,  imparts  to 
the  medium  the  same  beautiful  color.  Gold  is  nearly  as  soft  as 
lead,  and  pieces  of  pure  gold  may  be  welded  together  without 
heat  by  pressure  or  concussion,  as  in  dentistry.  In  order  to 
increase  its  hardness  it  is  alloyed  with  copper.  The  standard 
gold  of  both  the  United  States  and  the  French  coinage  contains 
one  tenth  copper,  that  of  the  English  one  twelfth  of  the  same 


224  GOLD.  [S 147. 

alloy.  Gold  melts  at  about  1,100°.  It  is  only  slightly  volatile 
at  the  highest  furnace  heat ;  but  before  the  compound  blow-pipe 
it  is  dispersed  in  purple  vapor.  It  is  an  excellent  conductor  of 
heat  and  electricity,  but  is  inferior  in  this  respect  both  to  silver 
and  cop[)er. 

Gold  is  not  dissolved  by  any  of  the  common  acids,  and  is  not 
attacked  by  the  fused  caustic  alkalies.  It  enters,  however,  into 
direct  union  both  with  chlorine  and  bromine,  and  is  readily  dis- 
solved by  any  liquid  mixture  which  liberates  chlorine.  The  usual 
solvent  is  a  mixture  of  four  parts  of  hydrochloric  acid  with  one 
of  nitric  acid,  called,  on  account  of  its  power  of  dissolving  gold, 
aqua-rcgia. 

Au='Au  +  (2ffNOs  +  (iff a  +  Aq)  = 

{:2AuCk  +  47/2 0  +  Aq)  +  2Sff©.  [Ill] 

When  gold  is  dissolved  in  aqua-regia,  if  hydrochloric  acid  is 
used  in  excess,  the  solution,  evaporated  at  a  gentle  heat,  yields 
yellow  needle-shaped  crystals,  which  appear  to  be  a  molecular 
compound  of  AuCl^  with  ffCL  If,  however,  the  evaporation 
is  pushed  still  further,  but  at  a  temperature  not  exceeding  120*, 
a  red  crystalline  mass  is  obtained,  which  is  essentially  Aurie 
Chloride^  Au  Cl^^y  although  it  is  difficult  to  expel  the  last  traces 
of  ffCl  without  still  further  decomposing  the  salt  If  this  pro- 
duct is  heated  above  160°  it  loses  two  atoms  of  chlorine,  and 
there  is  left  a  pale-yellow,  sparingly  soluble  |)owder,  which  is 
Aurous  Chloride,  AuClj  and  at  200°  this  last  is  idso  decom- 
posed and  reduced  to  metallic  gold.  Auric  chloride  is  deli- 
quescent, and  yields  an  orange-colored  solution  ea>ily  distin- 
guished from  the  »^)lution  of  AuCl^ .  ffCl,  which  is  yellow.  It 
also  forms  yellow  crj'stalline  salts  with  the  alkaline  chlorides, 
similar  in  constitution  to  the  compounds  with  ffCl,  Their  for- 
mulas  are  A  n  Ck .  KCl .  T) //,  O,  and  A  u  Ch  •  ^'^i  CI .  4  //.  0.  In 
like  manner  it  unites  with  ammonic  chloride  and  with  the  chlo- 
rides of  most  of  the  organic  bases,  forming  cr}stallizable  8alt^ 
which  are  often  employed  to  determine  the  molecular  weight  of 
these  alkaloids.  Auric  chloride  is  a  very  unstable  compound, 
and  is  readily  reduced  to  the  metallic  state.  Solutions  of  fer- 
rous sulphate,  of  antimonious  chloride,  of  oxalic  acid,  and  of 
sulphurous  acid,  all  precipitate  the  gold  in  a  finely-divided 
state.     Phosphorous  and  hypophosphorous  acid  and  solutions 
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of  their  salts  produce  the  same  effect,  as  do  also  phosphoms  it- 
self and  many  of  the  metals.  The  brown  gold  powder  thus  ob- 
tained is  much  used  for  gilding  porcelain.  A  solution  of  stan- 
nous chloride  mixed  with  stannic  chloride  produces  in  neutral 
solution  of  auric  chloride  a  beautiful  purple  precipitate  called 
Purple  of  Cassius,  which  is  much  used  for  coloring  glass  and 
porcelain.  The  compound  contains  both  gold  and  tin  combined 
with  oxygen,  but  its  chemical  constitution  is  still  in  question.. 
Metallic  tin  gives  a  similar  precipitate.  There  appear  to  be 
two  iodides  of  gold,  Auland  Aul^  but  only  one  bromide,  AuBr^ 
has  been  described.  There  are  also  two  oxides,  ^112^8  And 
Au^O.  The  first  acts  as  an  acid,  the  second  as  a  very  feeble 
basic  anhydride.  The  following  reactions  illustrate  the  forma- 
tion and  relations  of  these  compounds. 

{AuC^  +  eK-0-H-\-  Aq)  = 

{K^^OfAu  +  3KCI  -^Sff^O-^-  Aq).  [112] 

KiOiAu  +  ZH'O'C^^O  +  Aq)  = 

HiOi-Au  +  {^K-0-G^H^O  +  Aq).  [118] 

^HiOiAu  =  Aufi^  +  ZH^O.  [114] 

To  obtain  these  reactions,  the  solution  o^AuCfl^  should  be  boiled 
after  the  addition  of  K-O-II  &ud  then  acidified  with  acetic  acid. 
The  precipitate  thus  obtained  has,  when  dried,  the  composition 
of  AUiOs*  The  compound  Au^O  is  obtained  as  an  insoluble  vi- 
olet powder  by  digesting  Au  CI  with  a  solution  of  caustic  alkalL 

(2AuCl  +  2Na-0-H'\-  Aq)  = 

Au^O  +  (2Naa  +  JI,0  +  Aq).  [115] 

It  does  not  enter  into  direct  combination  with  acids,  but  there 
is  an  hyposulphite  of  gold  and  sodium  which  plays  an  impor- 
tant part  in  photography,  and  appears  to  have  the  formula 
AuyNia'0.f{S-0-S),  Singularly,  however,  gold  is  not  precipi- 
tated from  the  solution  of  this  salt  by  the  ordinary  reagents. 
There  are  two  sulphides  of  gold,  Au^Ss  and  Au^S.  The  first 
is  precipitated  by  ^/S  from  a  cold  solution  and  the  last  from  a 
boiling  solution  of  AuCl^  by  the  same  reagent  They  both 
dissolve  in  alkaline  sulphides  and  form  sulphur  salts.     Thus 

Au^S^  +  {i^K'S'H^  Aq)  = 

{2K^S^Au  -I-  Aq)  +  ZHJS.  [116] 
10*  o 
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148.  Characteristic  ReacHont,  —  With  the  exception  joaf 
noticed,  gold,  when  in  solation,  can  be  distinguished  by  the  fiict 
that  it  is  precipitated  by  ferrous  sulphate,  provided  the  solutioo^ 
though  acid,  does  not  contain  an  excess  of  nitric  add.- 

(2Au(\  +  eFe-OfSOi  +  Ag)  = 
Au «Au  +  (IFe^Wk  +  2[/'e,]iO#(5O03  +  Ag).  [117] 

The  formation  of  purple  of  Cassius,  and  the  easy  reduction  of 
aU  the  compounds  to  the  metallic  state  by  simple  ignition,  are 
other  indications  by  which  the  presence  of  gold  may  be  readily 
recognized.  The  reduced  gold,  even  when  in  fine  powder,  ac- 
quires its  peculiar  lustre  if  rubbed  against  a  hard  surface^  as  in 
the  process  of  burnishing.  Besides  the  important  uses  of  gold 
for  coinage  and  for  articles  of  ornament  or  luxury,  the  metal  is 
peculiarly  well  adapted,  both  by  its  soilness  and  its  power  of 
resisting  corrosive  agents,  for  its  applications  in  dentistry.  It 
is  also  largely  employed  in  the  various  methods  of  gildin^^ 
which  consists  either  in  directly  applying  thin  gold-leaf  to  the 
surface  to  be  covered,  or,  when  the  surface  is  metallic,  by  de- 
positing upon  it  a  thin  film  of  gold  with  the  aid  of  galvanism 
or  by  the  simple  action  of  chemical  affinity. 


QtusUons  and  ProNemi. 

1.  Given  the  percentage  composition  of  Proustite.  Silver,  65.45; 
Sulphur,  19.39;  Arsenic,  15.16.    Required  the  83rmbol. 

Ans.  Ag^S^Ai. 

2  How  much  greater  is  the  per  cent  of  silver  in  Proustite  than 
in  Pyrargyrite  ?  Ans.  5.68  per  cent 

5.  Draw  diagrams  illustniting  the  molecular  constitution  of  tlie 
different  silver  ores. 

4.  Anal3rze  reaction  [107],  and  point  out  the  difference  between 
it  and  the  class  of  reactions  of  which  [64]  is  the  type. 

5.  If  a  given  mass  of  argentiferous  lead  contains  three  fourths  of 
one  per  cent  of  silver,  .how  many  kilogrammes  of  litharge  will  be 
made  in  the  process  of  cupellation  to  each  kilogramme  of  silver  ex* 
tracted,  and  how  many  cubic  metres  of  oxygen  gas  will  be  absorbed 
by  the  process  ? 

Ana.  142.5  kHos.  of  lithai|^,  and  7.184  m:^  of  oxygen. 
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6.  One  gramme  of  silver  treated  as  indicated  by  [107]  and  [108] 
^nelded  1.328  grammes  of  argentic  chloride.  What  is  the  atomic 
weight  of  silver  ?  The  atomic  weight  of  chlorine  is  assumed  to  be 
known,  85.5,  and  also  the  specific  heat  of  argentic  chloride,  0.091. 

Ans.  108. 

7.  One  gramme  of  argentic  chloride  reduced  by  hydrogen  [110] 
yielded  0.7526  of  a  gramme  of  silver.  What  is  the  atomic  weight 
of  silver  ?    The  same  values  are  assumed  as  in  the  last  problem. 

Ans.  108. 

8.  One  gramme  of  ai^ntic  oxalate  yields  when  heated  0.7105  of 
a  gramme  of  silver.  We  have  reason  to  believe  that  oxalic  acid  is 
bibasic.     What  is  its  molecular  weight  ?     (68).  Ans.  90. 

9.  Write  the  reactions  of  sulphurous  acid  and  of  oxalic  acid  on 
solution  of  auric  chloride,  assuming  that  sulphuric  acid  in  one  case, 
and  CO,  in  the  other,  are  a  part  of  the  products. 

10.  What  evidence  do  you  find  of  the  quantivalence  of  gold  in  the 
fkbove  sections  ? 

11.  Does  gold  act  as  an  acid  or  a  basic  radical  ? 

12.  What  is  the  chief  chemical  characteristic  of  gold? 

18.  There  has  been  a  question  about  the  cause  of  the  color  which 
porple  of  Cassius  imparts  to  glass  and  porcelain  glaze.  Do  the  facts 
staled  above  explain  this  phenomenon  ? 


228  BORON.  [S  lid. 


Division  VH. 

149.  BORON.  ^=11.  —  Triad.  Very  sparingly  distrib- 
uted. Always  found  in  combination  with  oxygen.  In  boric  add 
and  in  various  borates,  including  the  minerals  Datholite  and 
Danburite,  boron  is  the  electro-negative  element,  while  in  Axi- 
nite  and  Tourmaline,  and  in  many  artificial  salts  it  acts  the  part 
of  a  basic  radical.  The  elementary  substance  {B-Bf)  may  be 
obtained  both  in  an  amorphous  and  a  crystalline  form.  The 
first  is  obtained  by  decomposing  boric  anhydride  with  sodium. 

B,Os  +  3Na-Na  =  SNa^O  +  B--B.  [118] 

It  is  an  infusible  dark -brown  powder,  which  soils  the  fingers 
and  dissolves  slightly  in  water.  At  about  300*^  it  takes  fire  in 
the  air  and  burns  into  B^O^^  and  it  is  also  oxidized  when  heated 
with  sulphuric  acid  or  with  the  alkaline  nitrates,  sulphates,  car- 
bonates, or  hydrates.  It  decomposes  nitric  acid  even  whea 
slightly  concentrated  and  cold. 

B'-B+SII,^0,-S0,  =  B,0s  +  Sff,0  +  3S0r   [119] 
B'-B  +  QKNO,  =  2Kf  O^B  +  ^NO^         [120] 

Boron  is  one  of  the  very  few  elements  which  unite  directly  with 
nitrogen. 

B^B  +  N-^N=  2B^K  [121] 

If  amorphous  boron  is  heated  intensely  in  a  closed  crucible,  it 
becomes  much  denser,  and  is  then  less  easily  oxidized.  It  dis- 
solves in  melted  aluminum,  and  when  the  molten  metal  sets,  the 
boron  crystallizes  in  quadratic  octohedrons  (75)  more  or  less 
highly  modified.  These  crystals  are  nearly  as  hard  as  the  dia- 
mond, have  an  adamantine  histrr,  and  Sp,  Gr,  =  2.68.  Thej 
may  also  be  obtained  dirt»ctly  from  boric  anhydride,  which  is 
decompose<l  by  aluminum. 

[^y  +  AO3  =  [^y  0,  +  B^R  [122] 

The  cr}'stals  thus  prepared  are  somotime:^  nearly  colorless, 
but  more  frequently  they  have  a  yellow  or  rt»d  color,  and  some- 
times the  color  is  so  deep  that  they  appear  black.    They  are 
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probably  never  wholly  pure,  and  it  is  worthy  of  remark  that 
they  sometimes,  if  not  always,  contain  a  considerable  quantity 
of  carbon.  They  resist  the  action  of  all  acids,  and  even  of  fused 
nitre,  but  are  oxidized  when  fused  with  acid  potassic  sulphate. 
It  appears,  from  recent  investigations,  that  the  so-called  graphi- 
toidal  boron,  which  is  formed  with  the  crystals  just  mentioned, 
is  a  compound  of  aluminum  and  boron. 

150.  Boric  Acid,  HfO^B,  —  A  product  of  volcanic  action. 
Found  in  some  natural  waters,  and  has  been  detected  in  the 
waters  of  the  ocean.  It  is  collected  in  large  quantities,  but  in 
an  impure  condition,  from  the  hot  vapors  of  the  ^^fumeroUes  '* 
in  the  Maremma  of  Tuscany.  The  pure  acid  is  best  prepared 
from  borax  by  the  reaction 

{Na^-OrB.O,  +  2BCI  +  ^ff^O  +  Ag)  = 

4.Bs'0^B+  {2NaCl-{'Aq).  [128] 

The  hydrochloric  acid  should  be  mixed  with  a  hot  saturated  so- 
lution of  borax,  which  as  it  cools  deposits  boric  acid  in  white 
nacreous  crystalline  scales.  Boric  acid  is  sparingly  soluble 
in  cold  water,  but  dissolves  in  three  times  its  weight  of  boiling 
water.  li  is  also  soluble  in  alcohol,  and  imparts  to  the  flame 
of  burning  alcohol  a  peculiar  green  tint,  which  exhibits  in  the 
spectroscope  five  well-marked  green  bands.  The  solution  both 
In  water  and  in  alcohol  c|innot  be  evaporated  without  loss,  as 
the  vapor  always  takes  with  it  an  appreciable  amount  of  the 
add.  The  solution  evaporated  on  turmeric  paper  changes  the 
color  to  brown,  like  an  alkali,  but  it  affects  litmus  paper  like 
other  weak  acids.  At  the  temperature  of  lOO*'  it  loses  one 
atom  of  water. 

I{,^O^B=  HOBO  +  H^O.  [124] 

The  compound  H^O^B  is  called  orthoboric  acid.  The  pro- 
duct H'O-BO  is  frequently  described  as  the  first  anhydride  of 
this  acid,  and  is  called  metaboric  acid.  If  this  is  heated  to  a 
still  higher  temperature  two  molecules  unite,  while  at  the  same 
time  they  lose  another  atom  of  water,  forming  the  second  and 
last  anhydride,  boric  anhydride. 

2H'0-B0  =  B,0s  +  B20.  [125] 

At  a  red  heat  B^O^  fuses  to  a  viscid  glass,  which  remains  clear 


230  BOBOS.  {f  UL 

t 
as  it  oooU,  but  soon  becomes  opaque  and  crombles  if  expoeed 

to  the  air.     It  also  forms  fusible  compounds  with  the  niPiA^% 
oxides.    Hence  the  use  of  boric  acid  and  the  borates  as  Auxa^ 

151.  Borates.  —  It  is  evident  from  the  principles  of  (38) 

that,  besides  orthoboric  acid,  many  others  are  theoreUcallj  pot- 

sible.    Thus :  — 

m 
Boric  Acid  H^-O^^B^ 

Diboric  Acid  H^  O^B-  OB), 

Triboric  Acid  H^W^l^BOBOB), 

Tetraboric  Acid  B^Wf(B'O-B-O'B-O-B), 

Polyboric  Acid  -^  +2  ^n + j(  ^n  ^n  - 1)  • 

These  may  be  regarde<l  as  formed  by  the  coalescing  of  sev- 
eral molecules  of  orthobonc  acid,  and  the  elimination  from  this 
condensed  molecule  of  a  sufficient  number  of  molecules  of  water 
to  set  free  the  number  of  oxygen  atoms  required  to  cement  to- 
gether the  atoms  of  boron  in  the  resulting  radicaL  By  elimi* 
nating  additional  molecules  of  water,  we  may  obtain  from  either 
of  the  above  acids  a  series  of  anhydrides  (distinguished  as  the 
first,  second,  &c.,  anhydrides),  and  the  number  of  possible  an- 
hydrides in  any  case  is  equal  to  the  number  of  pairs  of  hydro- 
gen atoms  which  the  acid  contains.  It  must  be  understood  that 
all  these  possible  forms  are  not  real  'compounds.  Indeed,  only 
the  three  already  mentioned  have  been  actually  prepared ;  bat 
there  are  several  borates  whose  constitution  is  best  explained 
when  we  res:ard  them  as  salts  of  acids  derived  from  orthoboric 
acid  in  the  way  just  indicated.  The  ma<^t  important  of  these 
is  common  borax,  wliich  may  be  regarded  as  the  sodium  salt  of 
the  second  anhydride  of  tetraboric  acid. 

152.  Borax,  J^a,/0^-(B-0^-B-0-B-0^-B)  AOH^O,  was  orig- 
inally brought  from  a  salt  lake  in  Thibet,  and  was  called  TincaL 
It  also  occurs  in  large  crystals  in  the  mud  of  l^rax  Lake,  in 
California,  and  it  has  been  found  in  solution  in  many  mineral 
springs,  and  even  in  minute  quantities  in  the  ocean.  Is  man- 
ufactured in  large  quantities  from  the  crude  boric  acid  of  the 
Tuscan  lagoons.  White  crystalline  salt,  which  when  heated 
gives  up  its  water  of  crystallization.  At  a  red  heat  melt^  to  a 
transparent  glass,  which  has  the  property  ot*  disdolviug  almost 
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ftll  the  metallic  oxides.  Many  of  them  impart  to  the  glass 
characteristic  colors ;  and  these  reactions,  which  are  readily  ob- 
tained with  a  small  bead  of  borax  supported  bj  a  loop  of  plat- 
inum wire,  are  useful  blow-pipe  tests.  It  is  also  used  for  solder- 
ing metals,  for  making  enamels,  for  fixing  colors  on  porcelain, 
and  as  a  flux  in  various  metallurgical  processes.  The  ordinary 
crystals  contain  as  above  10/^0,  and  belong  to  the  monroclinic 
system ;  but  the  salt  can  be  crystallized  with  only  5^0  in  oc- 
tahedrons belonging  to  the  isometric  system. 

153.  Boric  Chloride,  BGl^  can  be  obtained  by  passing  chlo- 
rine gas  over  an  intimate  mixture  of  B^O^  and  carbon,  heated 
to  a  red  heat  in  a  porcelain  retort. 

^Os  +  3(7  +  3(7/-CT=  3(70+  2^«i.      [126] 

It  is  a  very  volatile  liquid  {Sp.  Gr.  1.35  at  7**),  boiling  at  17% 
and  yielding  a  dense  vapor  whose  Sp.  Gr.,  as  found  by  experi- 
ment, is  56.85 ;  chiefly  interesting  as  establishing  the  quanti- 
valence  of  boron.     It  is  at  once  decomposed  by  water. 

BCls  +  3B,0  =  Jfs=-Os'-B  +  SffOL  [127] 

154.  Boric  Bromide,  BBr^,  prepared  Kke  the  chloride,  is  a 
volatile  liquid  {Sp.  Gr,  2.69),  boiling  at  90**,  and  giving  a  vapor 
whose  Sp.  Gr.  has  been  found  by  experiment  equal  to  126.8. 
Decomposed  by  water  like  the  chloride. 

155.  Boric  Fluoride,  BF^,  is  best  prepared  by  intensely 
heating  a  mixture  of  B^Oz  and  fiuor-spar. 

2A08  +  3CaF^  =  Ca^lO^lB,  +  2BF^       [128] 

A  colorless  gas,  whose  Sp.  Gr.  has  been  found  by  experiment 
equal  to  34.2.  This  gas  is  eagerly  absorbed  by  water,  which 
dissolves  seven  hundred  times  its  volume  and  forms  a  corrosive 
acid  liquid  called  borojiuoric  acid,  whose  constitution  is  not  well 
understood.  If  its  composition  is  that  usually  assigned  to  it,  its 
formation  will  be  expressed  by  the  reaction 

2BFs  +  3^2^  =  B^Os .  effF.  [129] 

The  same  compound  may  be  also  prepared  by  dissolving  B^O^ 
in  IIF  -|-  Aq,  and  then  concentrating  the  solution. 

If  borofiuoric  acid  is  largely  diluted  with  water,  one  fourth 
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of  the  boron  separates  in  the  form  of  boric  add,  and  there  » 
lefl  in  solution  what  has  been  called  hjdroflnoborie  acid. 

2HfOfB  +  (6(iZF.  BF^)  +  6i?,0  +  Aq).  [180] 

Hydrofluoboric  acid  forms  salts  with  basic  radicals,  and  the 
compound  with  potassium  may  be  formed  bj  the  action  of  boric 
acid  on  a  dilute  solution  of  potassic  fluoride. 

\%KF+  2Bs'0,-'B  +  Aq)  = 

2{KF.  BFii  +  {^K-0'H+  Aq).  [181] 

156.  Characteristic  Reactions.  —  The  peculiar  green  color 
which  boric  acid  imparts  to  an  alcohol  or  blow-pipe  flame  is  the 
best  indication  of  its  presence,  and  this  test  is  made  still  more 
decisive  by  analyzing  the  colored  light  with  the  spectroecope. 
The  acid,  however,  must  first  be  set  free  before  the  reaction 
can  be  obtained.  In  many  of  its  relations  boron  resembles 
carbon. 

Questions  and  Problems* 

1.  Write  the  reaction  of  sulphuric  acid  on  solution  of  borax. 

2.  What  test  can  be  applied  to  determine  when  an  excess  of  sul- 
phuric acid  has  been  added  ? 

3.  Define  an  ortho  acid,  regarding  orthoboric  acid  as  a  Qrpe  of 
the  class. 

4.  Make  a  table  showing  the  relations  of  the  various  possible  de- 
rivatives of  bone  acid. 

5.  The  empirical  symbol  of  boracite  is  MgjO^fi^  AVhat  is  its  ra- 
tional symbol,  and  what  is  its  relation  to  the  ortho-borates  ? 

6.  Boric  sulphide,  B^S^^  may  be  prepared  by  passing  over  a  mix- 
ture of  carbon  and  boric  anhydride  the  vapor  of  carbonic  sulphide, 
CS^    The  products  are  2B^S^  and  6  CO.     Write  the  reaction. 

7.  Boric  sulphide  is  readily  decomposed  by  water,  giving  boric 
acid  and  sulphuretted  hydrogen.     Write  the  reaction. 

8.  In  reaction  [126]  what  double  affinities  are  called  into  play? 

9.  In  what  respect  do  you  find  reaction  [131]  remarkable? 

10.  What  evidence  do  you  find  of  the  prevailing  quanti valence  of 
boron  ?    Are  there  any  facts  which  would  indicate  that  boron  it  a 

tad? 
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Division  VJLLL. 

157.  NITROGEN.  iV'=  14.  — Pentad,  but  as  frequently 
trivalent  or  univalent  Chief  constituent  of  the  atmosphere; 
but  to  this  and  the  materials  of  organized  beings  it  is  almost 
exclusively  confined.  It  is  the  characteristic  ingredient  of  ani- 
mal tissues,  which  are  composed  mainly  of  the  four  elements 
carbon,  hydrogen,  oxygen,  and  nitrogen.  Vegetable  tissues,  on 
the  other  hand,  consist  chiefly  of  only  the  first  three  of  these 
elements ;  but  nitrogen  is  never  entirely  absent  from  plants,  and 
is  an  essential  ingredient  of  many  important  vegetable  products, 
as,  for  example,  of  the  albuminoid  compounds  and  of  the  vege- 
table alkaloids.  Nitrogen  is  marked  by  weak  affinities,  and 
hence  its  compounds  are  usually  unstable,  as  is  illustrated  by 
the  well-known  tendency  of  animal  substance  to  decay. 

158.  Nitrogen  Gas,  NlNy  constitutes  four  fifths  of  the  vol- 
ume of  the  atmosphere,  and  can  be  obtained  in  a  pure  condi- 
tion, —  First,  by  slowly  or  rapidly  burning  phosphorus  in  a  con- 
fined volume  of  air.  Secondly,  by  passing  air  over  ignited 
copper-turnings,  which  combine  with  the  oxygen.  Thirdly,  by 
passing  chlorine  gas  through  a  solution  of  ammonia,  — 

(8ir^-f  Aq)  -f  3  CI' CI  =  {6JI,N0l  +  Aq)  -f  MN.  [132] 

Fourthly,  by  heating  ammonic  nitrite  ^r  a  mixture  of  potassic 
nitrite  and  ammonic  chloride,  — 

{H,N)-0-NO  =  2H^0  +  NW.  [138] 

K-O'NO  +  (ff,N)  CI  =  KCl  +  2H,0  +  NiN.  [134] 

Nitrogen  gas  has  never  been  condensed  to  a  liquid  condition. 
According  to  Regnault,  one  litre  of  nitrogen  gas,  under  standard 
conditions,  weighs  1.256167  grammes.  It  is  remarkable  for  its 
inertness,  and  one  of  its  chief  offices  in  the  atmosphere  is  to 
moderate  the  action  of  its  violent  associate.  The  only  element- 
ary substances  with  which  it  directly  combines  are  boron  and 
titanium.  Nevertheless,  nitrogen  has  a  great  capacity  for  com- 
bination, and  is  distinguished  by  the  large  number  and  varied 
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nature  of  its  compounds ;  bat  these  can  onljr  be  fonned  by  in- 
direct methods. 

Oxides  of  NUrogen. 

Nitrous  Oxide  N^Oy 

Nitric  Oxide  NOy  ^ 

Nitrous  Anhydride  j^,0„  Nitrous  Add    H-O-NO^ 

Nitcic  Peroxide  NO^  ^ 

Nitric  Anhydride  -^,0,,  Nitric  Acid       HO-NOr 

159.  Nitric  Acid.  HNOsr  —  When  electrical  discharges  are 
passed  through  air  which  is  in  contact  with  caustic  or  carbo- 
nated alkalies,  or  when  organic  matter  decays  in  the  atmosphere 
under  the  same  conditions,  a  partial  union  of  the  elements  of  the 
atmosphere  takes  place,  and  nitrates  of  potassium,  sodium^  or 
calcium  are  the  usual  result.  From  either  of  these  native  ni« 
trates,  or  nitres^  the  acid  may  be  obtained.  It  is  usually  pre- 
pared by  distillation  from  a  mixture  of  sodic  nitrate  (127)  and 
sulphuric  acid. 

Na'0-NO,'^rH;-0^-SO,,=H^a-0^-SO^-\-H'0'NOr  [185] 

One  molecule  of  sulphuric  acid  is  adequate  to  decompose  two 
molecules  of  nitre ;  but  the  temperature  required  is  then  mudi 
higher,  and  the  nitric  acid  is  in  part  decomposed.  The  strong- 
est acid  thus  prepared  is  a  colorless,  fuming  liquid,  boiling  at  8^ 
and  freezing  at  —49^  Its  Sp.  Gr.  =  1.552  at  20*.  It  is  un- 
stable, and  is  partially  decomposed  when  exposed  to  the  Hght. 

AH'O-NO,  =  2H^0  +  ANO^  +  0-0.        [186] 

The  remaining  acid  is  thus  diluted,  while  the  nitric  peroxide 
colors  it  yellow.  A  similar  decomposition  takes  place  during 
the  distillation  of  the  acid.  This  decomposition  continues  until 
the  hydrate  2HN0j^ .  ZH^O  is  formed,  wliich  b  far  more  stable 
and  distils  unchanged  at  123''.  This  is  the  common  strong 
nitric  acid  of  commerce,  but  it  is  not  a  definite  compound,  the 
composition  varjing  with  the  pressure  under  which  the  add 
distils.  A  8till  weaker  acid  is  much  used  in  the  arts  under  the 
name  of  aqua-fortis.  The  strength  of  the  acid  may  be  deter- 
mined from  its  specific  gravity  by  means  of  tables  prepared  for 
the  purpose. 
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8p.  Gr. 

1.500 
1.470 
1.435 


KITBOGEN. 

Per  Gent. 
HNOt 

«_  /!•          ^•f  Cent. 
Bp.  or.           jfjfQ^ 

92.98 

1.395          64.17 

82.71 

1.843          51.50 

78.10 

1.289          45.62 

235 


8p.  Or. 

1.228 
1.165 
1.105 


Percent. 

36.2» 
26.95 
17.62 


Nitric  add  is  one  of  the  most  corrosiye  agents  known.  With 
a  very  few  exceptions,  it  oxidizes  all  the  elementary  substancea, 
conyerting  them  into  oxides,  acids,  or  nitrates,  as  the  case  may 
be.  In  these  reactions,  as  a  general  rule,  nitric  oxide  is  evolved; 
but  the  products  vary  to  a  certain  extent  with  the  conditions  of 
the  experiments,  and  examples  will  be  found  under  the  differ- 
ent elements,  and  also  in  [107],  [142],  [151],  and  [156],  illus- 
trating the  different  phases  which  the  reaction  may  assume.  Ni- 
tric acid  corrodes  all  organic  tissues,  oxidizing  them,  and  forming 
various  products,  among  which  the  most  common  are  water, 
carbonic  acid,  and  oxalic  acid.  When  more  dilute,  it  stains  the 
skin,  wool,  silk,  and  other  albuminoid  bodies  of  a  bright  yellow 
color.  Very  strong  nitric  acid,  when  mixed  with  strong  sul- 
phuric acid,  acts  on  some  organic  compounds  in  a  very  remark- 
able way.  It  removes  one  or  more  atoms  of  hydrogen,  and  sub* 
stitutes  an  equal  number  of  atoms  of  the  radical  NO^  in  their 
place.     (31). 

BensoL  Nltio-BenaoL 

With  the  various  bases  it  forms  a  large  class  of  important  salts* 

When  the  radical  is  univalent,  these  salts  have  the  general 

I 
symbol  R-O-NO^     When  the  radical  is  bivalent,  the  general 

n  n 

formula  becomes  E''Oi'{NO^^  or  R^OfN^O^,     Salts  of  these 

types  are,  in  the  ordinary  use  of  the  term,  the  normal  or  ortho- 
nitrates;  but,  theoretically,  nitrogen  is  capable  of  fixing  five 
univalent  radicals,  and  hence  some  chemists  re^rd  the  assumed 
compound  H^sO^iN  as  orthonitric  acid,  and  sahs  of  that  type  as 
orthonitrates.  By  eliminating  from  this  orthoacid  first  one  and 
then  two  molecules  of  water,  we  obtain  the  following  anhydrides, 
the  last  of  which  is  the  ordinary  add. 


Orthonitric  Add 
Metanitric      " 
Dimetanitric  ^ 


H,lO,lN,      or 
HfOfNO,    or 

H'O-NOr 


H-O'NO^ .  2Zr,0, 
H-O-NO^ .  H^Oy 
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Salts  are  known  whose  symbols  may  be  written  on  all  these 
types,  but  they  may  also  be  written  on  the  ordinary  type  as 
well    Thus 

H^BiW.lN  or  BiW^NO^Ht, 

Dihydxo-bumuthio  Oithonitrale.  Bade  bismuthio  Nitrate. 

[188] 

Mff^W^NO)^    or    {Mff-0-J^g-0-Ma)'Oi'(NOt)r 

Mafnwic  Metanltrat*.  TrimAgncaie  Kltnte. 

Such  distinctions  are  of  no  practical  importance,  but  they  are 
of  value  in  pointing  out  the  many-sided  relations  of  our  subject 
Under  no  condition  does  potassic  hydrate  form  more  than  one 
salt  with  nitric  acid,  and  the  important  theoretical  bearing  of 
this  fact  is  evident. 

160.  Nitric  Anhydride,  iV^Oj,  may  be  obtained  by  passing 
dry  chlorine  gas  over  dried  argentic  nitrate  heated  to  95^. 

4AgN0^  +  2  CI- CI  =  4AgCl  +  2N^0,  +  0-0.  [189] 

It  is  a  white  solid,  crystallizing  in  prisms  of  the  fourth  system, 
melting  at  29^.5,  and  boiling  at  45°.  Very  unstable,  undergoing 
spontaneous  decomposition  in  a  sealed  glass  tube.  By  the  ac- 
tion of  water  it  forms  nitric  acid. 

N^O,  +  Il^O  =  2HN0^  [140] 

161.  NitroHS  Anhydride.  Kfi^  —  Best  prepared  by  the 
action  of  dilute  nitric  acid  {Sp,  Gr.  1.25)  on  starch.  Is  also 
formed  in  the  following  reactions :  — 

A$.fi^  +  2HN0^  =  Ai^O,  +  N^O^  +  H^O.     [141] 

^Ag-Ag  +  ^HNO^  =  4AgNOs  +  N,Os  +  SB,0.  [142] 

4SS'®  +  (D-®  =  2N^0s.  [143] 

In  each  case  brownish-red  fumes  are  formed,  which,  at  a  low 
temperature,  liecome  condensed  into  a  very  volatile  blue  liquid, 
boiling  at  about  0**.  With  a  small  quantity  of  water  it  3rields 
nitrous  acid,  II-O-NOj  but  a  large  quantity  at  once  decom* 
poses  it 

SiVT^Os  +  11,0  =  iNO  +  2HN0^  [144] 

If  the  red  vapor  is  passed  into  a  solution  of  potassic  hydrate, 


§162.]  NITROGEN.  237 

we  obtain  potasfdc  nitrite,  and  in  a  similar  way  other  nitrites 
may  be  made. 

{2K0H+  Aq)  +  iiTjOa  =  (2K'0'N0  +  ^,0  +  Aq).  [145] 

According  to  the  theory  of  the  last  section,  ordinary  nitrous 
acid  is  the  first  anhydride  of  an  assumed  acid,  H^O^N,  This 
would  be  called  ortbonitrous  acid,  and  the  ordinary  acid  would 
then  be  metanitrous  acid.  The  compound  Ph^lO^lN^  accord- 
ing to  this  view,  is  plumbic  orthonitrite,  but  it  may  be  also  re- 
garded as  a  tri plumbic  nitrite  of  the  ordinary  type  (Pb-O-Pb- 
O'PbyO^-(NO)^ 

162.   Nitric  Peroxide,  NO^,  is  best  prepared  by  mixing  two 
volumes  of  nitric  oxide  with  one  of  oxygen  gas,  both  absoltUely 

dry, 

2®r(fi)-|- ©=<£)  =  2  Sff®^  [146] 

The  two  gases  when  mixed  immediately  combine,  yielding  a 
deep  brownish-red  vapor,  which,  if  passed  into  perfectly  dry 
tubes  cooled  by  a  freezing  mixture,  is  condensed  to  a  crystalline 
solid.  This  solid  melts  at  — 9*^  to  an  orange-colored  liquid, 
which  boils  at  22%  but  when  once  melted  it  does  not  freeze 
even  at  — 20°.  The  substance  is  decomposed  by  water  with 
the  greatest  readiness.  A  mere  trace  of  water  is  sufficient  to 
prevent  the  formation  of  the  crystals,  occasioning  instead  the 
production  of  a  green  liquid,  which  appears  to  be  a  solution  oi 
nitrous  anhydride  in  nitric  acid. 

4:N0^  +  JI,0=^  2HNOs  +  i^jOs.  [147J 

If  a  larger  amount  of  water  is  present,  we  obtain  nitric  oxide 
in  place  of  nitrous  anhydride,  and  the  equation  becomes 

SNO,  +  ff^O  =  2ffN0^  +  NO.  [148] 

In  a  similar  way,  when  acted  on  by  metallic  hydrates  and  basie 
anhydrides,  it  yields  a  mixture  of  nitrate  and  nitrite.     Thus 

2K-0'JI+  2N0,  =  K-O-NO  +  K-O-NO^  +  H^O.  [149] 

Nitric  peroxide  may  also  be  obtained  by  distilling  plumbic 
nitrate, — 

2Pb^0i'{N0>^^  =  2PbO  -f  ^NO^  +  0-0.      [150] 
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Owing  to  the  presence  of  ft  little  moisture,  we  first  obtftin  the 
green  liquid  mentioned  above,  but  towards  the  end  of  the  pro- 
cess the  anhydrous  peroxide  comes  over  and  may  be  crystallised. 
Nitric  peroxide  appears  also  to  be  formed  in  the  reaction  of 
nitric  acid  on  tin,  — 

Sn;,  +  20iOr08  =  H^OyoSn^O^  +  dH^O  +  20^-0,;  [151] 

but  in  this,  as  in  other  reactions  of  nitric  acid  on  the  metalsi 
the  main  product  is  more  or  less  mixed  with  other  oxides  of 
nitrogen. 

163.  Nitric  Oxide^  NO,  is  best  prepared  by  the  action  of 
dilute  nitric  acid  {Sp,  Gr.  about  1.2)  on  copper-turnings. 

3Cu+(SffN0s  +  Aq)  = 

(3  Cu{NO^)t  -I-  4^,0  +  Aq)  +  2N0.  [152] 

The  reaction  appears  to  consist,  first,  in  a  metathesis  of  the 
metal  with  the  hydrogen  of  the  acid,  and  secondly,  in  the  ro- 
duction  of  a  further  portion  of  the  acid  by  the  hydrogen  thos 
liberate<l.  In  order  to  obtain  a  pure  product  it  is  important 
that  the  acid  should  be  in  excess.  Nitric  oxide  may  also  be 
obtained  perfectly  pure  by  heating  together  a  mixtore  of  fer- 
rous chloride,  nitre,  aud  hydrochloric  acid. 

(6JFiC4  +  2joro,  4-  ^nci  +  Aq)  = 

(3[/>J  Ck  +  2KCI  +  4J7,0)  +  2N0.  [153] 

• 

A  mixture  of  ferrous  sulphate,  nitre,  and  dilute  sulphuric  acid 
(«Sjp.  Gr,  1.18)  may  also  be  used. 

Nitric  oxide  is  a  colorless  permanent  gas  (Sp.  Gr.  =  15), 
but  slightly  soluble  in  water  (one  volume  of  water  dissolves 
one  twentieth  of  a  volume  of  NO).  It  extinguishes  a  burning 
candle,  but  both  phosphorus  and  charcoal,  if  burning  vigoronsly* 
continue  to  bum,  and  with  great  intensity,  when  plunged  into 
the  pa<.  It  is  the  most  stable  of  the  oxides  of  nitrogen,  and  18 
not  decomposed  by  a  red  hertt.  It  is  neither  an  acid  nor  ft  bftfio 
anhydride,  but  it  is  marked  by  its  avidity  for  oxygen,  with  which 
it  forms  the  brownish-red  fumes  either  of  NO^  or  of  iV^Oj^  a©- 
cording  to  the  proportions  present.  [143]  and  [146].  It  dis- 
solves freely  in  a  solution  of  ferrous  sulphate,  forming  a  deep 
reddish-brown  liquid,  from  which  the  gas  may  be  expelled  by 
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heat  A  similar  product  may  be  obtained  with  other  ferrous 
salts,  and  this  reaction  may  be  used  as  a  test  for  nitric  acid. 

164.  Nitrous  Oxide,  N^Oy  is  best  prepared  by  gently  heating 
ammonic  nitrate  in  a  glass  fiask  or  retort. 

HTH^'  0-NO,  =  2ff^0  +  N^0.  [154] 

It  may  also  be  obtained  by  exposing  nitric  oxide  gas  to  the 
action  of  moistened  iron-filings,  which  absorb  one  half  of  the 
oxygen. 

4tN0  _  O'O  =  2^,0.  [155] 

It  is  also  evolved  when  zinc  dissolves, in  dilute  nitric  acid,  or, 
more  surely,  when  a  mixture  of  equal  parts  of  nitric  and  sul- 
phuric acids,  diluted  with  eight  or  ten  parts  of  water,  is  used  for 
dissolving  the  metaL 

4Zn  +  (lOHNO^  +  Aq)  = 

{4Zn{N0,)^  +  5J7,0  +  Aq)  +  IT^O.  [156] 

Nitrous  oxide  is  a  colorless  gas  (Sp.  Gr.  22),  which,  by  pres- 
sure and  cold,  may  be  condensed  to  a  colorless  liquid,  boiling  at 
— 88®  and  freezing  by  its  own  evaporation  at  about  — 101®, 
It  is  less  stable  than  nitric  oxide.  It  is  decomposed  by  heat, 
and  all  combustibles  bum  in  it  with  nearly  the  same  re^iness 
and  brilliancy  as  in  pure  oxygen  gas.  When  pure,  it  can  be  in- 
haled without  danger,  and  is  much  used  as  an  anaesthetic  agent 
With  some  patients  it  produces  at  first  a  transient  intoxication, 
attended  at  times  with  uncontrollable  laughter.  Hence  the  pop- 
ular name  of  laughing-gas.  It  manifests  no  tendency  to  unite 
with  more  oxygen.  It  is  soluble  in  water  to  a  limited  extent, 
and  to  a  much  greater  degree  in  alcohol.  At  0®  one  volume  of 
water  dissolves  1.3  volumes,  and  one  volume  of  alcohol  4.18 
volumes,  of  this  gas. 

165.  Oxychloridei  of  Nitrogen,  —  If  in  reaction  [111]  no 
gold  or  other  metal  is  present  to  unite  with  the  chlorine  evolved 
by  the  aqua-regia,  this  element  combines  with  the  nitric  oxide 
set  free  at  the  same  time,  and  besides  chlorine  gas  we  obtain,  as 
products  of  the  reaction,  two  compounds  which  we  may  call  ni- 
trous oxychloride  and  nitric  oxydichloride  respectively. 

(BNO^  +  ZHa-^  Aq)  = 

(2H^0  +  ^^)  +  ^OCT  +  ChCl  [157] . 
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or     {2HN0^  +  CZTCT  +  Aq)  = 

(J^H^O  +  Aq)  +  2N0Ck  +  Cl'CL  [158] 

During  the  eariy  stages  of  the  decomposition  of  aqua-regia  the 
second  of  the  two  reactions  prevails,  and  the  product  is  nearly 
pure  NOCl^'y  but  as  the  process  advances  this  becooies  more 
and  more  mixed  with  NOCL  At  the  ordinary  temperature 
botli  substances  are  gases,  i\rOC7  having  an  orange,  and  NOCt^ 
a  deep  lemon-yellow  color ;  but  by*  cold  they  may  be  readily 
conden>ed  to  li(|uids,  which  have  a  red  color  and  resemble  each 
other  in  odor  and  aspect  They  have  neither  acid  nor  basic 
relations,  but  arc  readily  decomposed  by  chemical  agents  into 
nitric  oxide  and  chlorine ;  and  by  mixing  together  these  two 
gases  the  same  or  similar  compounds  may  be  reproduced.  By 
the  action  of  dry  hydrochloric  acid  on  anhydrous  nitric  perox- 
ide, still  a  third  compound  is  formed,  which  has  the  symbol 
NC^Cly  and  resembles  the  other  two.  The  last  compound  may 
also  1)0  obtained  by  mixing  phosphoric  oxytrichloride  with 
plumbic  nitrate. 

8P6-0/(iV^02),  +  2POC78=PJi,iO^(PO),+  6iV^OjiCT.  [159] 

IGO.  Compounds  with  Hydrogen, — Ammonia  Gcu,  NH^ 
—  Nitrogen  and  hydrogen  gases  will  not  directly  combine ;  bat . 
through  various  indirect  methods,  not  well  understood,  this 
union  is  constantly  taking  place  in  nature,  and  ammonia  gas  is 
the  chief  product.  This  gas,  or  some  one  of  its  numerous  com- 
pounds, is  constantly  formed  whenever  an  organic  substance 
decays  or  is  charred,  as  in  the  process  of  dry  distillation.  It  is 
also  formed  in  many  chemical  reactions  when  nitrogen  and  hy- 
drogen atoms  are  brought  together  at  the  moment  of  chemicad 
change.  Thus  when  a  mixture  of  nitric  oxide  and  hydrogea 
gas  is  passed  over  heated  platinum  sponge,  we  have  the  reaction 

2N0  +  bH-H=  2H^  0  +  2NH^  [1 60] 

So  also  when  nitric  acid  is  added  in  very  small  quantities  at  a 
time  to  a  mixture  of  zinc  and  dilute  hydrochloric  acid,  from 
which  hydrogen  gas  is  being  slowly  evolved,  we  have  the  re- 
action 

HNO^  +  ^H'H=  NH^  +  8J7,0.  [161] 
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But  the  ammonia  thus  produced  unites  at  once  with  the  hydro- 
chloric acid  present  to  form  ammonic  chloride,  and  in  a  similar 
way  ammonia  salts  are  frequently  formed  to  a  limited  extent 
when  zinc  and  similar  metals  are  dissolved  in  nitric  acid.  Prac- 
tically, we  always  prepare  ammonia  gas  from  the  commercial 
ammonic  chloride  by  the  reaction 

^NH^Cl  +  Oa-OfH^  =  CaCl^  +  2^,0  +  2NH^  [162] 

It  is  a  colorless  gas,  so  light  (9p.  (St.  0.591)  that  it  can  be 
collected  in  an  inverted  bottle  by  displacement  By  pressure 
and  cold  it  may  be  readily  condensed  to  a  liquid,  which  boils  at 
— 38^.5  and  freezes  at  — 75**.  The  evaporation  of  the  lique- 
fied gas  is  attended  with  great  reduction  of  temperature,  and 
this  principle  is  applied  in  the  apparatus  of  Carr^  to  the  artifi- 
cial production  of  cold.  Ammonia  has  a  familiar  pungent  odor, 
and  is  useful  in  medicine  as  an  irritant,  but  when  pure  it  is 
wholly  irrespirable.  It  is  incombustible  in  air,  but  bums  in  an 
atmosphere  of  oxygen,  yielding  aqueous  vapor  and  nitrogen  gas. 

The  composition  of  ammonia  gas  may  be  thus  ascertained: 
First,  by  passing  a  series  of  electrical  discharges  through  a 
confined  volume  of  the  gas  in  a  eudiometer  the  volume  doubles. 

2NH^  =  N-=y+  ZH'H.  [163] 

If  next  we  add  to  this  product  one  half  of  its  volume  of  oxygen 
gas,  then  explode  the  mixture,  and  subsequently  remove  with 
pyrogallic  acid  the  residual  oxygen,  we  shall  find  that  the  vol- 
ume of  nitrogen  gas  remaining  in  the  tube  is  exactly  one  half 
of  the  volume  of  the  ammonia  gas  with  which  we  started.  Sec- 
ondly, if  we  shake  up  in  an  eudiometer-tube  a  measured  vol- 
ume of  chlorine  gas  with  a  weak  solution  of  aqua  ammonia, 
taking  care  after  the  reaction  is  finished  to  expel  by  heat  all  the 
nitrogen  from  the  liquid,  it  will  be  found  that  the  volume  of 
chlorine  has  been  replaced  by  one  third  of  its  volume  of  nitro- 
gen gas. 

With  colored  test-paper  ammonia  gas,  even  when  dry,  gives 
a  strong  alkaline  reaction,  and  it  directly  combines  with  several 
of  the  acid  anhydrides.  These  unimportant  compounds,. however, 
must  not  be  confounded  with  the  important  class  of  ammonia 
salts.     In  part  they  correspond  to  the  amides  mentioned  below,. 

11  P 
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bat  the  constitution  of  others  is  not  well  understood.  The  last 
are  frequentlj  called  ammonides,  and  of  these  sulphuric  ammoD- 
^  ide  {NH^)i .  SO^f  will  serve  as  an  example.  Ammonia  gas 
forms  also  equally  anomalous  compounds  with  many  anhydroas 
metallic  salts.  Thus,  argentic  and  calcic  chlorides  absorb  large 
volumes  of  ammonia  gas,  forming  what  appear  to  be  molecular 
compounds,  AgCl .  2/^^ and  GaCJ^  .  SH^^  in  which  the  am- 
monia seems  to  play  somewhat  the  same  part  as  water  of  crys- 
tallization  in  ordinary  salts.  But  by  far  the  most  important 
quality  of  ammonia  is  its  power  of  combining  directly  with 
water  and  with  the  acids,  as  such,  to  form  the  large  class  of 
ammonia  salts.  In  forming  these  compounds,  however,  nitro- 
gen changes  its  quantivalence,  and  it  will  therefore  be  conven- 
ient to  class  them  under  a  different  head.  When  ammonia  gas 
comes  in  contact  with  the  fumes  of  a  volatile  acid,  the  formation 
of  the  ammonia  salt  gives  rise  to  a  dense  white  smoke,  which  is 
one  of  the  most  characteristic  tests  for  this  substance. 

167.  Amines  or  Compound  Ammonia, — Ammonia  gas  is 
the  type  of  a  large  class  of  compounds,  most  of  them  volatile, 
in  all  of  which  nitrogen  is  trivalent  These  compounds  may  be 
regarded  as  derived  from  one  or  more  molecules  of  ammonia 
by  replacing  the  hydrogen  atoms  either  wholly  or  in  part  with 
various  positive  radicals.  According  as  they  are  fashioned 
after  tho.  type  of  one,  two,  three,  or  more  molecules  of  ammonia 
they  are  called  monamines,  diamines,  &c.,  and  they  are  distin- 
guished as  primary,  secondary,  or  tertiary,  according  as  one, 
two,  or  three  hydrogen  atoms  in  the  monamines,  or  the  corre- 
Bponding  groups  of  atoms  in  the  polyamines,  have  been  replaced. 
We  may  represent  the  type  of  ammonia  either  as  in  (29),  or 
more  graphically  in  the  vertical  form  as  in  table  below,  which 
contains  the  symbols  of  a  few  of  the  compound  ammonias. 

Monamines, 

Primary.  Secondary.  Tertiary, 

H)  CH,)        C.H,)  CJI,)         C.H,)  CH.) 

hYn      h[n     h>n     cj!,\n  c,h,>n    cji^Vn 

h)  h)  in  H)  H)         C.H,) 

Mefhylamln*.    PhrayUminc.       DlethjUmin*.      Fhenyletliyl-      Mvthjrl  ctkyt- 
(▲nUinc)  amlii*.  --— • — •— 


§168.] 


NITBOGEK. 


248 


"4"' 

Ammonlft. 
Doubly  ooadeBMd. 


Primary, 


Diaminei. 


Elhjlen*  dUmiae. 


Tertiary, 
(C, 

DiethylMM^Iethyl-dUmlne. 


L  en  cur  y. 


Many  of  the  axnmoniated  compounds  of  the  metals  may  be  ar- 
ranged under  this  same  type.  Thu9,  when  potassium  is  heated 
in  dry  ammonia  gas,  an  olive-green  compound  is  formed,  which 
has  the  composition  K^H^H»N\  and  other  examples  will  be 
given  hereafter. 

The  amines  are  all  basics  and  like  ammonia  gas  combine  di- 
rectly with  acids  to  form  salts ;  but  this  character  is  the  less 
strongly  marked  in  proportion  as  the  hydrogen  atoms  have  been 
replaced.  The  volatile  organic  bases  belong  to  the  same  class 
of  compounds. 

168.  Amides,  —  The  atoms  of  hydrogen  in  ammonia  gas 
may  be  replaced  by  negative  as  well  as  by  positive  radicals ; 
but  then  the  product,  instead  of  being  basic,  is  either  neutral 
or  acid.  They  are  classified  and  named  like  the  amines,  but 
with  few  exceptions  only  one  or  one  set  of  the  hydrogen  atoms 
can  be  thus  replaced.    The  following  are  a  few  examples :  — 


Monamides. 


Diamides, 


Ozamide. 


Snoelaamlie. 


These  compounds  may  also  be  regarded  as  formed  by  the  untorf 
of  the  compound  radical  amidogen  {H^N)  with  the  acid  radical, 
and  hence  the  name  amides.  They  differ,  then,  from  the  cor- 
responding acids  only  in  containing  amidogen  in  place  of  hy- 
droxyL    Thus, 


▲oeflc  Acid. 


HofCO, 

Cwbonio  Add. 


Ozidio  Aetd. 


Succiaio  Add. 


H^-C^H^O,    (H^fCO,     (BtJ!P)/OtOt,    (ff^),- 0,11^0, 
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These  amides  are  all  neutral ;  but  if  in  the  dibasic  adds  we 
place  only  one  of  the  atoms  of  hydroxyl,  it  is  evident  that  we 
shall  obtain  a  class  of  amides  still  containing  an  atom  of  basic 
hydrogen,  and  which  are,  therefore,  acids.     Thus  are  fonned 


UO,HJSf-CO, 

CartMunle  Add.^ 


OxBOdle  Ada.  BnodBamifl  Xdd. 


+        - 


Lastly,  if  we  take  an  acid  like  lactic  aad,  HOfiO^C^^O^  or 

glycollic  acid,  HO^HO'^CJS^O^  which,  although  diatomic,  is 

only  monobasic  (43),  we  can  obtain  from  each  add,  at  least 

theoretically,  two  distinct  amides,  according  as  we  replace  the 

+  — 

basic  hydrogen  {H)  or  the  alcoholic  hydrogen  (/T),  see  (48). 

The  first  will  be  neutral,  the  second  acid ;  but  although  several 

of  the  acid  amides  are  known,  the  only  neutral  amide  of  this  class 

which  has  been  investigated  is  that  derived  from  lactic  add. 


Lactemide  (Ncutnl). 


Lactamidc  (Add) .        OlyooUmide  (Add)  or  GlyeMMlL 


From  these  various  amides  a  large  number  of  compounds 
may  be  derived  by  replacing  the  hydrogen  atoms  either  of  the 
amidogen  or  of  the  acid  with  different  compound  radicals.  The 
following  are  a  few  examples :  — 


C,H,0 
H 

Fbenyl'benzunlde. 

ffO-C^ff^O) 

c,h,o\n 
h) 

BIpimilc  Add. 


C,0,    ) 
HJ 

Dtothjl-ozminide. 

ffO-C»fftO) 

h) 

LactothjUmide. 


((C,£r.)0-<7,0,) 

H 


N 


OxMiMthan*. 


{ajsiiO-c^Hfi 


Laetmethaa*. 


The  la<it  two  compounds  are  isomeric,  the  only  difference  being 
that  in  the  first  the  radical  ethyl  replaces  an  atom  of  hydrogen 
of  the  amidogen,  while  in  the  second  it  replaces  the  alcoholic 
hydrogen  of  the  lactic  acid.  That  there  is  a  real  difference 
between  the  two  is  proved  by  the  following  reactions :  -— 

(C^^OrC,H,0)  H) 

iiyy+K'0'H=K,(c^n,y-o,'C,n,o+HyN  [i64] 

ff)  FotMde  Ethyl-lMtato.  ff) 

1  The  loid  has  not  been  ifolated,  bat  the  ammonio  lalt  is  well  known. 
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C^,  [  N+  K-0'H=K,H-0^-C,H,0  +         H>  N.  [166] 

Jf  )  FotaMic  LacUto.  ff) 

Ethybunin*. 

• 

These  complex  amide  compounds  may  also  be  referred  to  a 
system  of  mixed  types.     (Compare  30,  Part  I.) 

169.  Jmides.  —  If  from  an  acid  monamide  we  eliminate  a 
molecule  of  water,  or  if  from  a  neutral  diamide  we  eliminate  a 
molecule  of  ammonia  gas,  we  obtain  as  the  product  a  compound 
which  may  be  regarded  as  formed  by  the  union  of  the  acid  rad- 
ical with  the  compound  radical  HN.    Thus, 

ffO,ff^-Csff,0  =  ff'0-lf+  JffN-Csff,0.     [166] 

Lact-cunlde.  LacMmide. 

(B^N^h'  C,ff,  Ot  =  H^  +  HN-  C,H,  0,        [167] 

Suecin-Amide.  Suecin-imide. 

Such  compounds  are  called  Imides,  and  they  always  act  as 
monobasic  acids. 

170.  Nitriles.  —  If  from  a  neutral  monamide  we  eliminate 
a  molecule  of  water,  the  residue,  which  may  be  regarded  as  a 
compound  of  nitrogen  with  a  trivalent  radical,  has  been  caUed 
a  NitrUe,    Thus, 

ff^-  C^H^O  =  H^O+  C.fffN.  [1 68] 

Acetunide.  Acetonltrile. 

H^N-CH^O  =  H^O  +  C^H^^N.  [169] 

Taleramide.  Valeronitrile. 

These  compounds  are  weak  bases,  like  ammonia,  combining  di- 
rectly with  acids  to  form  salts,  and  they  may  be  regarded  as  a 
part  of  the  clas»  of  amines. 

171.  Ammonium  Compounds,  —  In  all  the  above  compounds 
nitrogen  is  trivalent,  and  a  single  atom  of  this  element,  unas- 
sisted, does  not  appear  to  be  able  to  hold  together  more  than 
three  atoms  of  hydrogen  or  of  other  univalent  positive  radicals ; 
but  when  the  different  ammonia'^  are  brought  in  contact  with 
acids,  the  nitrogen  atoms  suddenly  manifest  two  additional  af- 
finities, and  a  most  important  class  of  compounds  is  formed, 
in  which  nitrogen  is  quinquivalent  The  cause  of  this  sudden 
accession  of  power  is  not  well  understood,  but  it  evidently  de- 
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pends  on  the  reflex  influence  which  the  negative  atoms  or 
icals  of  the  acids  exert.  In  all  these  cases  the  ammonias  com. 
bine  with  the  acids  as  a  whole,  and  the  reaction  is  an  example 
of  synthesis  and  not  of  metathesis.  The  following  are  a  few 
examples :  — 

N-H.  +  HCl  =  NlH^  CI  =  NHfCl      Hke        KCL  [170] 

AmmcNile  Chloridtu 

N*Ht+  H,0=NlH^(HO)  =  NH,-0-H  like  KO-H.  [171] 

Ammonie  Hjrdnto. 

NHcO-NOt  like  K-O-NO,  [172] 

Ammoaie  Nitntto. 

{NHt).fOfSOt  like  KfOfSO,  [178] 

Ammonie  Sulphate. 

The  products  thus  obtained  resemble  very  closely  the  salts  of 
the  alkaline  metals.  With  certain  limitations  they  are  suscep- 
tible of  the  same  reactions,  and  in  these  reactions  the  atomic 
group  NH^  plays  the  same  part  as  the  metallic  atoms  in  the 
other  salts.     Thus  we  have 

{Ag-NO,  +  NH,-Cl  +  Aq)  = 

AgCl+{Nff,'NO,+Aq).  [174] 

(CaCk  +  (Nff^^'O.-CO  +  Ag)  = 

Ca-'0./CO  +  {2NH^a  +  Aq).  [175] 

Hence  we  conclude  that  the  ammonia  salts  are  compounds  of 
this  univalent  radical  which  we  call  ammonium,  and  therefore 
we  write  their  symbols  as  above.  But  although  many  attempts 
have  been  made  to  obtain  the  radical  substance  corresponding 
to  NH^^  these  attempts  have  been  hitherto  unsuccessful.  It  is 
true  that  when  we  electrolyze  a  solution  of  ammonie  chloride, 
u.<>ing  a.4  the  negative  pole  of  the  battery  a  quantity  of  mercury, 
we  obtain  a  material  resembling  a  metallic  amalgam,  which, 
when  kept,  slowly  changes  back  to  metallic  mercury,  evolving 
a  mixture  of  hydntgen  and  nitrogen  gas<\s ;  but  it  would  now 
appear  that  in  this  pasty  mass  the  gases  are  merely  mixed,  and 
not  chemically  combined,  and,  moreover,  the  total  Hmount  of 
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material  which  the  mercury  thus  singularly  encloses  is  exceed- 
ingly small. 

172.  Ammanic  Chloride  {ScU  Ammoniac),  NH^Cl,  is  the 
most  important  of  the  ammonia  salts,  and  the  material  from 
which  the  other  ammonia  compounds  are  prepared.  It  is  man- 
ufactured in  large  quantities  from  the  ammoniacal  liquid  of  the 
gas-works,  one  of  the  products  of  the  dry  distillation  of  coal. 
It  is  a  white  crystalline  salt,  very  soluble  in  water,  but  only 
slightly  soluble  in  alcohol.  It  sublimes  below  redness  without 
tirst  melting.  It  is  isomorphous  with  sodic  and  potassic  chlo- 
ride, and  resembles  these  salts,  especially  the  last,  very  closely. 
Like  potassic  chloride,  it  is  precipitated  from  aqueous  solutions 
by  platinic  chloride,  with  which  it  forms  a  double  salt  insoluble 
in  water. 

{^NH^Cl-^-PtCH^^Ai)  =  {NH^Cl)^ . PtCk+{Aq).  [176] 

173.  Ammonic  Hydrate  (Aqua  Ammonia),  {NH^O-H -^ 
Aq.)  —  At  0^  water  absorbs  1,050  times  its  own  volume  of  am- 
monia gas,  but  the  quantity  absorbed  rapidly  diminishes  as  the 
temperature  rises,  so  that  at  15°  it  can  only  hold  727  times  its 
volume,  and  at  24^  600  times  its  volume.  Water  saturated  at 
15°  contains  about  one  third  of  its  weight  of  ammonia,  but  in 
consequence  of  the  great  expansion  which  attends  the  absorp- 
tion, the  solution  is  lighter  than  water.  This  solution  has  the 
pungent  odor  of  ammonia,  because  the  gas  slowly  escapes  even 
at  the  ordinary  temperature  of  the  air,  and  by  prolonged  boiling 
the  whole  may  be  driven  off.  In  this  and  in  other  physical  re- 
lations the  compound  of  ammonia  with  water  acts  like  the  solu- 
tion of  a  ga<3,  but  in  all  its  chemical  relations  it  bt^haves  like  an 
alkaline  hydrate.  It  is  strongly  caustic ;  it  precipitates  metallic 
hydrates  from  solutions  of  their  salts,  and  is  very  much  used  in 
the  laboratory  as  an  alkaline  reagent.  It  has  been  called  the 
volatile  alkali.  It  differs*,  however,  from  the  fixed  alkalies,  soda, 
and  potassay  in  two  important  particulars.  First,  it  is  decom- 
posed by  heat  into  ammonia  gas  and  water,  and  is  not,  therefore, 
properly  speaking,  volatile.  Secondly,  it  forms  with  many  me- 
tallic radicals  soluble  double  salts,  and  other  compounds  of  pecu- 
liar constitution,  which  can  have  no  counterparts  among  the  com- 
pounds of  the  alkaline  metals.  Hence  it  is  that  in  many  im- 
portant particulars  the  reactions  of  the  ammonia  salts  are  wholly 
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different  from  those  of  the  corresponding  salts  of  sodiam  aod 
potassium.  They  either  do  not  give  precipitates  under  the 
same  conditions,  or  the  precipitates  obtained  liave  a  wholly  dif* 
ferent  character.  Compare  [174],  [175],  with  (265),  (276), 
and  (316). 

174.  Ammonic  Carhonate.  — The  commercial  salt  is  a  litBif- 
lucent  white  solid,  obtained  by  subliming  a  mixture  of  sal-am- 
moniac with  chalk.  It  is  very  soluble  in  water,  has  the  odor 
of  ammonia,  and  a  strong  alkaline  reaction.  Its  composition  is 
not  unvarying,  but  the  usual  product  appears  to  be  a  mixture 
of  hydro-ammonic  carbonate  and  ammonic  carbamate  (168)  in 
equivalent  proportions.  Exposed  to  the  air  it  loses  about  44 
per  cent  of  its  weight,  owing  to  the  dissipation  of  the  ammo- 
nic carbamate,  which  is  resolved  into  CO^  and  NH^  and  the 
opaque  spongy  residue  consists  of  hydro-ammonic  carbonate. 
From  the  commercial  salt  there  may  be  prepared  well-defined 
crystals  of  the  three  following  compounds :  — 

Acid  or  Hydro-ainmonic  Carbonate      H,NH^O^CO. 
Neutral  or  Diainmonic  Carbonate  (NII^)^=(\=CO  ,  H^O, 

Dihydro-tetra  ammonic  Tricarbonate   //,  (AV/J/»0,^(CO),  .  Hfi. 

A  solution  of  the  neutral  salt  prepared  by  mixing  a  solution 
of  the  commercial  substance  with  the  i*equisite  amount  of  aqua 
ammonia  is  very  much  used  in  the  laboratory  as  a  reagent. 

175.  Characteristic  Reactions  of  the  Ammonia  SalU,  — 
These  compounds,  when  heated  with  caustic  alkalies  or  alkaline 
earths,  give  off  ammonia  gas,  which  may  be  recognized  by  its 
odor,  or  by  the  cloud  it  forms  with  HCL  The  ammonia  salts 
are  all  vohitile  at  a  modenite  temperature  (except  in  the  few 
cases  in  which  the  acid  is  fixed),  and  are  thus  readily  distin- 
guished from  those  of  the  non-volatile  bases.  This  quality  is 
of  great  importance  in  chemical  analysis,  and  leads  us  to  select 
the  ammonia  salts,  whenever  it  is  possible,  as  reagents,  because 
the  oxce»<8  of  the  reagent  and  all  the  ammoniacal  products  can 
so  n*adily  l>e  eliminated  by  heat. 

170.  Ammonium  Bases. — The  salts  formed  by  the  union 
of  the  com|)ound  ammonias,  or  amines,  with  acids,  closely  re- 
semble tho<e  of  ammonia,  and  may  Ixi  reminded  as  ctmsisting  of 
radicals  derived  from  ammonium  by  r<»phu*ing  one  or  more  of 
its  hydrogen  atoms  with  other  positive  radicjils.     Of  these  com- 


§  176.]  NITROGEN.  249 

pounds  the  most  interesting  are  those  corresponding  to  ammonio 
hydrates,  but  in  which  all  four  of  the  hydrogen  atoms  have  been 
thus  replaced.  They  may  be  prepared  from  the  ternary  amines 
in  a  manner  which  is  illustrated  by  the  following  reactions :  — 

c\h,    i\r+  {CJI,)I=  g^;  Wl  [177] 

TriethjUunlne.  ^2^^a  / 

Iodide  of  Tetntthyl-unmoniom. 

^0  +  2  l{C,H,)^-I-\  +  H^O  = 

•  2AgI  +  2{l{CJI,)Jf\-0-H).  [178] 

The  solutions  of  the  amines  in  water,  although,  like  aqua 
ammonia,  they  may  be  regarded  as  compounds  of  an  ammo- 
nium radical,  are  decomposed  when  evaporated  into  the  volatile 
amine  and  water,  and  it  might  have  been  anticipated  that  the 
hydrate  of  tetrathyl-ammonium  would  break  up  in  a  similar  way, 
but  such  is  not  the  case.  This  compound  is  stable,  and  on 
evaporating  the  solution  resulting  from  the  last  reaction  the 
hydrate  is  obtained  as  a  white  solid  resembling  caustic  potash. 
It  absorbs  water  and  carbonic  acid  from  the  air ;  it  precipitates 
the  metallic  oxides  from  their  salts ;  it  saponifies  fats,  and  it 
neutralizes  the  strongest  acids,  just  as  potash  does.  Several 
similar  compounds  have  been  prepared;  and  since  it  appears 
that  the  four  hydrogen  atoms  of  ammonium  may  be  replaced 
by  the  same  or  by  different  atoms  at  will,  it  is  evident  that  an 
infinite  number  of  such  compounds  are,  theoretically  at  least, 
possible.  These  hydrates  have  a  bitter  taste,  and  cannot  be 
volatilized  without  decomposition.  In  both  of  these  particulars 
they  very  closely  resemble  the  non-volatile  organic  alkaloids, 
which  are  evidently  formed  afler  the  same  type.  There  are, 
therefore,  two  classes  of  bases  derived  from  ammonia  ;•  the  one 
volatile,  after  the  type  of  H^N ;  the  other  non-volatile,  after  the 
type  of  NH^O-H;  and  corresponding  to  these  there  are  two 
classes  of  organic  alkaloids,  the  first  volatile  like  nicotine  and 
oonine,  the  second  non-volatile  like  quinine  and  morphine.  In 
all  these  bases  the  parts  are  grouped  around  one  or  more  atoms 
of  nitrogen,  and  the  difference  between  the  two  classes  of  com- 
pounds depends  primarily  on  the  fact  that  these  atoms  are  tri- 
ll* 
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▼alent  in  the  first  class  and  qaiDquijalent  in  the  aeoood.  The 
two  classes  of  compounds  are,  howeyer,  intimately  related,  and 
may  be  regarded  from  different  points  of  view.  Thus  the 
amides,  imides,  and  nitriles,  which  we  have  considered  as  ibnned 
after  the  type  of  ammonia  gas,  may  aL»o  be  regarded  as  anhy- 
drides of  the  salts  of  the  ammonium  radicals,  and  in  many  cases 
may  be  prepared  from  these  salts  by  a  simple  process  of  dehy- 
dration. Moreover,  careful  study  will  open  up  many  other  re- 
lations of  these  bodies,  all  of  which  must  be  considered  before 
we  can  command  a  comprehensive  view  of  the  subjecL 

177.  Chloride  of  Nitrogen,  NCl^  is  a  very  volatile,  yellow, 
oily  liquid,  obtained  by  the  action  of  chloriue  gas  ou  a  strong 
solution'  of  sal-ammoniac. 

178.  Bromide  of  Nitrogen^  NBr^  is  obtained  by  digesting 
bromide  of  potassium  with  cliloride  ai'  nitrogen,  and  is  similar 
to  the  last  in  appearance,  but  has  a  much  darker  color. 

179.  Iodide  of  Nitrogen^  Ni^  is  a  black  powder,  formed 
when  aqua  ammonia  is  added  in  large  excess  to  an  alcoholic 
solution  of  iodine.  They  are  all  three  highly  explosive,  and 
illustrate  in  a  most  marked  manner  the  instability  of  all  the 
compounds  of  nitrogen. 

180.  PHOSPHORUS.  P=31.  — Found  in  nature,  chiefly 
in  combination  with  calcium,  in  calcic  phosphate,  a  mineral  sob> 
stance  very  widely  but  sparingly  disseminated,  and  an  essential 
but  subordinate  constituent  of  many  plants,  and  of  all  the  higher 
animal  structures.  In  order  to  obtain  the  elementary  subetanoe, 
the  calcic  phosphate  (generally  bone  ashes)  is  first  partially  de- 
composed with  sulphuric  acid.  The  soluble  acid  calcic  phosphate 
thus  obtained  is  easily  separated  from  the  nearly  intolMt 
calcic  sulphate,  by  filtration.  The  solution  is  then  evaporated, 
the  acid  phosphate  mixed  with  pulverized  charcoal,  and  the 
thoroughly  dried  mass  distilled  in  earthen  retorts.  The  distil- 
lation proceeds  slowly,  and  requires  a  very  high  temperature. 

ai,IC^I(PO),  +  2IfyO./SO,  = 

When  dried,  i7;,CbiOfli(/>0)2=CVi«0/(PO,),+  2ff^0,^^^^^ 
SCa'0/{PO,),+  r,o=  Ca^W,l(P  0)^+10  CO +P^ 

181.  Common  Phosphorui^  P^y  when  perfectly  pure,  is  a 
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colorless,  transparent  solid,  but  ordinarilj  it  has  a  yellowish  tint, 
and  is  only  translucent.  At  low  temperatures  it  is  brittle,  but 
at  20""  it  is  sofl  like  wax.  It  melts  at  45'',  and  boils  at  290''. 
Sp.  Gr.  of  solid  1.83.  Insoluble  in  water,  slightly  soluble  in 
alcohol  and  ether,  still  more  soluble  in  both  the  fixed  and  vola- 
tile oils,  and  very  soluble  in  sulphide  of  carbon  or  chloride  of 
sulphur.  Phosphorus  is  by  far  the  most  combustible  of  the 
chemical  elements.  It  takes  fire  below  the  boiling  point  of 
water,  and  slowly  combines  with  the  oxygen  of  the  air  at  the 
ordinary  temperature.  If  in  not  too  small  quantity,  the  heat 
evolved  by  its  slow  combustion  soon  raises  the  temperature  to 
the  point  of  ignition,  and  it  is  therefore  alwA3r8  preserved  under 
water  or  alcohol.  The  product  of  the  rapid  combustion  is 
phosphoric  anhydride;  that  of  the  slow  combustion  in  moist 
air  chiefly  phosphorous  add.  Exposed  to  the  air  in  the  dark, 
phosphorus  emits  a  greenish  light,  and  hence  its  name,  from 
<^t  <f>op6s ;  but  this  phosphorescence,  though  always  accompany- 
ing the  slow  combustion,  does  not  appear  to  be  necessarily  con- 
nected with  it  Sticks  of  phosphorus,  when  kept  under  water, 
become  covered  after  some  time  with  a  white  crust,  which  con- 
sists of  a  mass  of  microscopic  crystals ;  and  in  the  course  of 
many  years  these  crystals  may  acquire  considerable  size.  The 
form  of  the  crystals  is  the  regular  dodecahedron  of  the  first  sys- 
tem (Fig.  6),  and  crystals  of  the  same  form  are  obtained  by 
slowly  evaporating  the  solution  of  phosphorus  in  sulphide  of 
carbon. 

182.  JRed  Phosphorus.  —  Exposed  to  the  direct  sunlight 
under  water,  phosphorus  becomes  covered  with  a  red  coating, 
and  the  same  red  modification  is  formed  in  great  abundance 
when  ordinary  phosphorus  is  heated  for  several  hours  to  a 
temperature  below  235^  and  250''  in  an  atmosphere  of  carbonic 
anhydride,  or  some  other  inert  gas.  Red  phosphorus  is  insol- 
uble in  carbonic  sulphide,  and  is  thus  easily  separated  from  the 
portion  which  has  not  been  changed.  Iodine  facilitates  the  con- 
version, and  if  a  solution  of  phosphorus  in  sulphide  of  carbon, 
containing  a  little  iodine,  is  sealed  up  in  a  glas!^  flask  and  heated 
for  some  time  to  only  100°,  red  phosphorus  is  slowly  precipi- 
tated. As  usually  obtained,  red  phosphorus  is  an  amorphous 
powder ;  but  it  has  been  crystallized,  and  it  appears  that  the 
crystals  are   rhombohedrons  belonging  to  the  third  system. 
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Hence  phosphorus  is  dimorphous,  and  in  this  respect  resemUet 
arsenic  and  antimony.  The  Sp.  Gr,  of  red  phosphorus  is  about 
2.1.  It  undergoes  no  change  in  dry  air,  and  may  even  be 
heated  to  250^  without  taking  fire;  but  at  a  slightly  higher 
temperature  it  changes  back  to  common  phosphorus  and  in- 
flames. The  specific  heat  of  red  phosphorus  is  0.1700,  while 
that  of  the  ordinary  variety  is  0.1387 ;  and  hence,  as  we  should 
anticipate,  this  reverse  change  is  attended  with  the  evolution  of 
heat.  Moreover,  the  calorific  power  of  common  phosphorus  is 
to  that  of  red  phosphorus  in  the  proportion  of  1.15  to  1.  In 
general,  red  phosphorus  is  let^s  active,  chemically,  than  common 
phosphorus,  and  is  not,  like  the  latter,  poisonous.  Both  yarie- 
ties  are  largely  used  in  the  manufacture  of  friction-matdies. 
The  red  variety  is  not  used  in  making  the  match  it^lf,  bat 
only  in  the  preparation  of  the  surface  on  which  it  is  rubbed. 
183.  P/iosphorus  and  Oxygen,  —  The  following  compounds 
of  phosphorus  with  oxygen,  or  with  both  oxygen  and  hydrogeOi 
have  been  observed :  — 

Phosphorous  Anhydride  -^2^* 

Phosphoric  Anhydride  -Pj^a* 

Hypophosphorous  Acid  H'0'{PW,H^y 

Phosphorous  Acid  IfyO^'(P=Oy£r)^ 

Orthophosphoric  Acid  H^O^(P'^0)y 

Metaphosphoric  Acid  H'0-{PW^y 

Pyrophosphoric  Acid  H^^  0;^{P-'  O^P), 

Sodium  salt  of  Hexabasic  Acid  Na^l 0^1{P- O^-P-  O^P' O^P)^ 

Sodium  salt  of  Dodecabasic  Acid  Nay^^  O^rXi^P^^  Oig). 

Tlie  relations  of  these  compounds  will  be  best  understood 
by  taking  as  our  first  starting-point  an  assumed  compound, 
H^lQiiPy  in  which  the  atoms  of  phosphorus  are  united  to  hy- 
droxy 1  by  all  their  five  alfmities.  Ortho^  and  metaphosphoric 
acids  are  now  simply  the  successive  anhydrides  of  this  pent- 
atomic  acid.  Starting  next  from  the  double  molecule  of  our 
assumed  compound,  the  following  anhydrides  are  possible:  — 

^io«0»ox/>„  8d.       H,iO,i(P'-0,^P), 

1st.       I/,rmO,rm(P-O^P)^  4th.      II/0^=(PU\^P), 

2d.         H^iO^(P^O^^P),  5th.  (PWf^iP). 

1  The  Mtiimed  pentatomie  acid  to  by  some  caBed  orthophoephoric 
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Of  these  possible  compounds  the  second  and  fourth  are  identical 
with  ortho  and  meta-phosphoric  acids,  of  which  the  symbols  rep- 
resent two  molecules,  while  the  third  and  the  fifth  are  the  pyro- 
phosphoric  acid  and  phosphoric  anhydride  of  the  above  list. 
The  first  anhydride  of  this  series  has  not  yet  been  observed. 
In  like  manner  we  may  take  three,  four,  or  more  molecules  of 
the  first  compound,  and  deduce  from  each  of  these  condensed 
molecules  another  series  of  anhydrides ;  but  of  the  infinite  num- 
ber of  compounds  thus  possible,  only  the  salts  of  the  hexabasic 
and  dodecabasic  acid  mentioned  above  are  known.  This  scheme, 
however,  does  not  include  hypophosphorous  and  phosphorous 
acids,  which  have  an  anomalous  constitution.  They  may  be 
regarded  as  orthophosphoric  acids  in  which  atoms  of  hydroxy! 
(two  in  the  first  case  and  one  in  the  second)  have  been  replaced 
with  atoms  of  hydrogen.  The  molecules  of  both  acids  contain 
three  atoms  of  hydrogen,  but  the  first  is  only  monobasic  and  t? 
second  dibasic ;  and  this  fact  illustrates  an  important  principle. 
In  all  the  so-called  oxygen  salts,  only  those  atoms  of  hydrogen 
are  replaceable  by  metallic  atoms,  which  are  united  to  the  neg- 
ative radical  by  a  vinculum  consisting  of  an  equal  number  of 
oxygen  atoms.  The  hydrogen  and  oxygen  atoms  thus  paired 
are  equivalent  to  so  many  atoms  of  the  radical  hydroxyl  [70]. 
Phosphorous  anhydride  is  the  only  one  of  this  class  of  com- 
pounds in  which  the  phosphorus  atoms  are  not  quinquivalent. 

184.  Phosphoric  Anhydride  is  readily  prepared  by  burning 
phosphorus  in  dry  air.  It  is  an  amorphous  white  powder,  hav- 
ing an  intense. affinity  for  water,  and  is  sometimes  used  as  an 
hygroscopic  agent.  It  hisses  when  dropped  into  water,  and 
gives  a  solution  of 

185.  Metaphosphoric  Acid,  —  This  compound  is  obtained  as 
a  vitreous  solid  (glacial  phosphoric  acid)  by  heating  orthophos- 
phoric acid  to  redness.  Its  solution  coagulates  albumen,  and 
one  molecule  of  the  acid  saturates  only  one  molecule  of  sodic 
hydrate.  By  boiling  the  solution  the  acid  loses  its  power  of 
coagulating  albumen,  and  acquires  greater  capacity  of  satura- 
tion, having  changed  into 

186.  Orthophosphoric  Acid,  —  This  is  much  the  most  im- 
portant of  these  compounds.  It  is  readily  prepared  by  boiling 
phosphorus  in  not  too  strong  nitric  acid,  and  evaporating  the 
liquid  product  to  the  consistency  of  syrup.    The  ordinary  phos- 
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phates  are  all  salts  of  this  acid,  and  one  molecule  of  acid  is 
pable  of  saturating  three  molecules  of  base.  Many  of  the  ph( 
phates  are  thus  constituted,  and  these  are,  theoretically  (88), 
the  neutral  salts ;  but  evidently  we  may  also  have  for  each  base 
two  add  salts.    Thus  in  the  case  of  soda  we  have 

-ZVa,^Oa-=PO,  H^a^^O^^PO,  H^a'^O^^POi 

80  in  the  case  of  lime  we  have 

Here,  as  in  many  other  cases,  a  diatomic  metal  serves  to  solder 
together  two  molecules  of  the  acid. 

187.  Common  Sadie  Phosphate,  HJ^a^^Oj^^PO  .  \2H^0,  is 
by  far  the  most  important  of  the  salts  which  phosphoric  acid 
forms  with  the  bases  previously  studied.  It  is,  moreover,  the 
chief  soluble  salt  of  the  acid,  and  is  much  used  in  the  laboratory 
as  a  reagent.  It  is  also  highly  interesting,  theoretically,  be- 
cause it  illustrates  by  its  reactions  the  relations  we  have  just 
been  considering.  A  solution  of  the  salt  is  neutral  to  test-paper, 
but  when  mixed  with  a  solution  of  argentic  nitrate,  nlso  per- 
fectly neutral,  we  obtain  a  yellow  precipitate  of  argentic  phos* 
phate,  Ag^=Os=PO,  and  at  the  same  time  the  solution  beomies 
acid.  Heat  now  the  salt  to  1 20^  and  it  will  be  found  that  it  loses 
twelve  molecules  of  water ;  but  when  the  dried  mass  is  dissolved 
in  water,  and  the  solution  evaporated,  we  obtain  crystals  of  the 
same  form  (rhombic  prisms.  Fig.  45)  and  composition  as  before, 
and  which  give  again  the  same  reaction.     But  heat  the  same 

.  salt  to  a  red  heat,  and  we  have  a  wholly  different  result.  The 
salt  has  lost  thirteen  molecules  of  water ;  the  residue  is  less 
soluble  than  before.  On  evaporation  we  obtain  crystals  of  a 
different  form  and  composition  (Na^P^Of .  10/^ 0),  and  the 
solution,  after  precipitation  with  argentic  nitrate,  although  pre- 
viously alkaline,  becomes  neutral.  Moreover,  the  precipitate, 
instead  of  being  yellow,  is  white,  and  has  the  composition 
Ag,P,Or. 

188.  Mcrocosmie  Salt.  H,NH^,Na'-Oi^PO  .AH^O.  —  lt  wt 
mix  together  hot  saturated  solutions  of  common  sodic  phosphite 
and  sal  ammonii^c^  we  obtain  the  following  reaction  :  — 

(HJS'a^^Oj^^PO  +  NH,C1.  iH^O  +  Aq)  = 

IfJ^ff^a^Os^PO.Aff,0+(Naa  +  Ag).  [180] 
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As  the  solution  cools,  the  microcosmic  salt  cr}'Stallizes  oat,  leav- 
ing sodic  chloride  in  solution.  This  salt,  when  ignited,  loses 
both  its  water  and  its  ammonia,  and  the  sodic  metaphosphate, 
which  remains,  fuses  into  a  colorless  glass  at  a  red  heat.  This 
glass  acts  verj  much  like  borax,  and  is  used  in  the  same  waj 
as  a  blow-pipe  flux. 

189.  Phosphorus  and  Hydrogen,  —  When  phosphorus  is 
boiled  with  strong  potash  or  soda  lye,  or  with  milk  of  lime,  a 
gas  is  evolved,  called  phosphuretted  hydrogen,  which  on  com- 
ing in  contact  with  the  air  inflames  spontaneously.  This  gas 
consists  almost  entirely  of  the  compound  H^P ;  and  when  soda  is 
used,  the  reaction  by  which  it  is  formed  is  as  follows :  — 

P,  -f  (^Na'0-H-\-  ^H^O  +  Aq)  z=z 

(ZNa'0-POH^  +  Aq)  +  H^P.  [181] 

This  crude  product,  however,  is  not  pure  H^P ;  for  when  it  is 
passed  through  a  tube  cooled  by  a  freezing  mixture  it  deposits 
a  small  amount  of  a  very  volatile  yellow  liquid,  which  has  been 
found  to  be  a  second  compound  of  phosphorus  and  hydrogen, 
H^P^i  and  has  the  property  of  inflaming  spontaneously  to  a  iiigh 
degree.  Moreover,  the  gas  thus  treated  loses  its  power  of  self- 
lighting,  and  this  quality  in  the  crude  product  is  evidently  due 
to  a  small  admixture  of  the  liquid  substance.  When  exposed 
to  the  direct  sunlight,  the  liquid  compound  gives  ofF/^P,  and 
deposits  a  yellow  solid,  which  is  a  third  compound  of  phospho- 
rus and  hydrogen,  H^P^, 

bH^P^  =  HJ'^  -f  e^aP.  [182] 

This  same  solid  compound  is  deposited  on  the  sides  of  the  ves- 
sel when  the  crude  product  first  mentioned  is  exposed  to  the 
sunlight,  and  in  this  case,  also,  the  gas  loses  its  self-lighting 
power. 

There  are,  then,  three  distinct  compounds  of  hydrogen  and 
phosphorus.  But  of  these  the  first  is  by  far  the  most  impor- 
tant, and  the  other  two  are  chiefly  interesting  as  explaining  the 
singular  phenomena  just  noticed.  The  compound  H^P  is  the 
analogue  of  ammonia  gas,  and  differs  from  it  in  composition  only 
in  containing  in  the  place  of  nitrogen  the  next  lower  element 
of  the  same  chemical  series.     But  the  differences  in  properties 
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are  so  great  that  to  superficial  observation  it  would  seem  as  if 
there  were  no  similarity  between  the  two  compounds.  Thus 
phosphuretted  hydrogen  is  insoluble  in  water,  except  to  a  verj 
slight  degree,  and  does  not  unite  with  any  of  the  common  adds. 
A  more  careful  study,  however,  di^covers  very  marked  resem- 
blances, for  it  appears  that  H^P  does  unite  with  HBr  and  HI 
to  form  the  compounds  {H^P)Br  and  {H^P)!,  which  resemble 
(H^N)Br  and  {H^N)L  Moreover,  the  atoms  of  hydrogen  in 
H^P  may  be  replaced  by  metiiyl,  CH^  ethyl,  C^^*  ^^^  other 
radicals  yielding  compounds  similar  to  the  tertiary  amines,  which 
we  call  the  phosphines ;  and  it  further  appears  that  the  phos- 
phines  have  a  strong  basic  character,  combining  with  all  the 
ordinary  acids  to  form  a  class  of  salts  corresponding  to  those  of 
the  compound  ammonias,  and  yielding  also,  by  reactions  similar 
to  [177]  and  [178],  compounds  analogous  to  the  hydrates  of 
the  ammonium  radicals.  There  are,  however,  even  here,  di^ 
ferences  to  be  noted,  —  quite  important,  because  they  point  to  a 
tendency  in  the  series  which  develops  into  a  marked  character 
in  the  next  element,  arsenic.  The  compounds  trimethylphos* 
phine,  {CH^^P,  and  triethylphosphine,  (C2H^)^P,  not  only 
combine  with  acids,  but  they  also  unite  as  diatomic  radicals 
either  with  two  atoms  of  chlorine,  bromine,  or  iodine,  or  with 
one  atom  of  sulphur  or  of  oxygen.  Thus  are  formed  the  crys- 
talline com|)ounds 

iCJ/,),P'Cl^  (C^,)^-0,  (CJI,)»P-S. 

Lastly,  a  compound  has  been  described  corresponding  to  liquid 
phosphuretted  hydrogen,  and  having  the  symbol  {CH^^P- 
{CHr).,P^  which,  like  the  former,  is  both  liquid  and  spontane- 
ously  inflammable.  It  has,  moreover,  the  properties  of  a  feeble 
basic  radical,  and  in  the  chemical  series  finds  its  analogue  on 
one  side  in  the  radical  amidogen,  and  on  the  other  in  the  re* 
markable  comj)ound  kakodyl  (198). 

190.  Phosphorus  and  Chlorine.  —  Phosphonis  combines 
with  chlorine  in  two  proportions.  When  the  phosphorus  is  in 
excess,  phosphorous  chlorid**,  PCl^  is  formed,  which  is  a  fuming^ 
colorless  liquid.  When,  on  the  other  hand,  the  chlorine  is  in 
excess,  we  obtain  phosphoric  chloride,  PC/5,  a  white  crystalline 
solid.  Both  compounds  are  decomposed  by  water,  and  when 
the  water  is  in  large  excess  the  reactions  are  as  foUowt :  -» 
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PCU  +  (SB^O+Aq)  =  {If,^O^^PIfO^SIfCl-]-  Aq).  [183] 
PCh  +  (4^,  0  +  Aq)  =  {H^^  O^^PO  +  bHCl  +  Aq).  [184] 

If  in  the  last  reaction  water  is  not  present  in  sufficient  quantity, 
we  obtain  quite  a  different  result. 

PCl^  +  H^O  =  PCkO  +  2HCI  [185], 

The  first  of  the  three  reactions  is  important,  because  it  gives 
an  easy  method  of  preparing  phosphorous  acid,  and  the  last  has 
a  special  interest  because  it  illustrates  a  valuable  application  of 
phosphoric  chloride.  This  reagent  gives  us  the  means  of  re- 
placing an  atom  of  oxygen  with  two  atoms  of  chlorine,  and  (as 
is  illustrated  not  only  by  [185],  but  also  by  [84])  this  simple 
change  frequently  gives  a  clew  to  the  molecular  constitution  of 
a  chemical  compound.  The  compound  P(\0  is  called  phos- 
phoric oxychloride,  and  there  is  also  a  phosphoric  sulphochlo- 
ride,  PCl^S.  Both  are  fuming,  colorless  liquids.  The  last, 
when  heated  with  a  solution  of  caustic  soda,  gives  the  following 
remarkable  reaction :  — 

(PCkS+  ^Na-0'H+  Aq)  = 

(iVbaHOa^P^-f  3^«^^  +ZH^O'\'  Aq).  [186] 

191.  ARSENIC.  A$=ilb,  —  Trivalent  or  quinquivalent 
One  of  the  less  abundant  elements,  but  in  minute  quantities 
quite  widely  distributed.  Found  native,  and  in  combination 
both  with  sulphur  and  with  many  of  the  metals.  The  roost 
abundant  of  the  native  compounds  is  MispickeL,  FeS^ .  FeA»^ 
and  by  simply  heating  this  mineral  in  a  closed  vessel  the  ele- 
mentary substance  is  easily  obtained. 

2Fe^A$^S^  =  \FeS  +  A$^.  [187] 

It  is  also  prepared  by  subliming  a  mixture  of  arsenious  anhy- 
dride and  charcoal. 

2A$^0^  -f  3  C  =  ^^  +  3 (70^  [188] 

192.  ^Metallic  Arsenic,''  As^,  has  a  bright,  steel-gray  lustre, 
and  conducts  electricity  with  readiness.  It  is,  therefore,  fre- 
quently classed  among  the  metals,  and  hence  the  trivial  name*. 
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On  the  other  hand,  it  ifl  very  brittle,  and  clo5;el7  allied  in  all  its 
chemical  relations  to  the  class  of  elements  with  which  it  is  here 
grouped.  Arsenic,  like  phosphorus,  is  dimorphous,  and  may 
readily  be  crystallized  both  in  octahedrons  of  the  first  system, 
and  in  rhombohedrons  of  the  third.  Corresponding  to  these 
two  forms  are  two  allotropic  modifications,  distinguished  also  by 
differences  of  density  and  of  other  physical  qualities,  although 
'these  differences  are  not  so  marked  as  those  between  the  two 
states  of  phosphorus.  In  its  ordinary  condition,  arsenic,  when 
heated  out  of  contact  with  the  air,  begins  to  volatilize  at  aboot 
130^  without  previously  melting,  and  it  cannot  be  brought  into 
the  liquid  condition  except  under  pressure.  The  Sp.  Gr,  of 
the  solid  is  5.75,  and  that  of  the  vapor  referred  to  air  10.6* 
Heated  in  contact  with  the  air,  it  bums  with  a  pale  blue  flame, 
and  the  product  of  the  combustion  is  arsenious  anhydride,  As^O^ 
It  cannot,  however,  maintain  its  own  combustion,  and  goes  out 
unless  the  temperature  is  kept  above  the  point  of  ignition  by 
external  means.  At  the  ordinary  temperature  it  rapidly  tar> 
nishes  in  the  air,  and,  when  in  large  bulk,  the  oxidation  is  some* 
times  sufficiently  rapid  to  ignite  the  ma?^s.  Serious  accidents 
have  originated  from  this  cause.  The  burning  of  arsenic  is 
attended  with  a  peculiar  odor  resembling  garlic,  which  is  very 
characteristic.  It  is  insoluble  in  water  or  any  of  the  ordinary 
solvents. 

193.  Arsenic  and  Oxygen.  —  Arsenious  Anht/drtde.  Asfi^ 
— The  white  powder  which  is  formed  by  the  burning  of  arsenic 
is  the  most  important  and  the  best  known  of  the  compounds  of 
this  element.  It  is  obtained  in  very  large  quantities  as  a  sec- 
ondary product  in  the  roasting  of  many  metallic  ores.  Like  ar- 
senic itself,  this  compound  is  dimorphous,  and  may  be  obtained 
crystallized  both  in  octahedrons  of  the  first  system  and  in  rhom- 
bic prisms  of  the  fourth.  Moreover,  when  freshly  sublimed,  it 
appears  as  a  vitreous  solid,  and  in  this  third  state  it  is  three 
times  more  soluble  in  water  llian  in  the  crystalline  oonditioa. 
Common  white  arsenic  is  only  sparingly  soluble  in  water,  but 
by  continuous  boiling  with  water  this  crystalline  condition  is 
change<l  into  the  vitreous  (or  colloidal)  modification,  and  a  much 
larger  amount  enters  into  solution.  This  change,  however,  is 
not  permanent,  and  af)er  long  standing  the  excess  before  dis> 
solved  is  all  deposited  in  octahedral  crystals.     When  digested 
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with  the  mineral  acids,  or  with  aqna  ammonia,  white  arsenie 
dissolves  still  more  readily  than  in  water,  but  on  standing,  the 
larger  part  of  the  Ax^O^  is  deposited  from  these  solutions  in  o^* 
tahedrsil  crystals  as  before,  and  by  evaporation  the  whole  may 
be  thus  recovered,  indicating  that  no  stable  eompoond  had  been 
formed. 

194.  ^r<en»^. -^  Arsenioas  acid,  J^^O^^As,  is  only  known 
in  solution ;  and  indeed  there  is  no  evidence  that  ^2^8  forms 
with  water  a  definite  hydrate.  There  are,  however,  several 
well-defined  arsenites. 

Potassic  Arsenite  (Fowler's  Solution)  Bt^K^O^'As^ 

Cupric  Arsenite  (Scheele's  Green)  H,Gu=0^'As^ 

Argentic  Arsenite  (BrilMant  Yellow)  Ag^^O^Az. 

The  first  is  obtained  by  adding  to  a  solution  of  caustic  potash 
an  excess  o{  As^O^  and  the  last  two  are  precipitated  when  a 
Bolution  of  the  first  is  added  to  the  solution  of  a  silver  or  copper 
salt  Arsenious  anhydride  is  a  most  vident  mineral  poison. 
It  is  also  a  powerful  antiseptic,  and  is  much  used  in  packing 
bides  and  for  preserving  anatomical  preparations. 

195.  Arsenic  Add,  H^O^AmO^  is  readily  obtained  by  trea^' 
ing  AsgO^  with  nitric  acid. 

A»^0^+^H-0-NO^+2H^Oz=i2H^^OM90-\'N^O^,  [189] 

On  evaporating  the  resulting  solution  mider  regulated  condn 
tions  of  temperature,  definite  hydrates,  all  white  solids,  may  be 
obtained  corresponding  to  the  three  conditions  of  phosphoric 
acid.  But  they  diflTer  from  the  latter  in  that  when  dissolved  in 
water  they  all  yield  solutions  having  the  same  properties  and 
containing  the  same  tribasic  acid.  From  this  acid  a  large  num- 
ber of  arseniates  may  be  prepared.  The  following,  all  of  which 
may  be  obtained  in  well-defined  crystals,  are  isomorphous  with 
the  corresponding  phosphates :  — 

H^a^O^^AMO .  H^O,  HtJ^^OM^O.  ^      ^ 

These  salts  may  be  all  rendered  anhydrous  by  heat,  and  from 
the  acid  salts  products  may  be  thus  obtained  corresponding  in 
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composition  to  the  meta  and  pTro-phosphates ;  but  when  dis- 
solved they  reunite  with  water  and  become  tribasic  Henoe 
aqueous  solutions  of  all  these  arseniates  give,  with  argentic  ni- 
trate, the  same  precipitate,  Ag^^O^-AxO,  This  precipitate  has 
a  brick-red  color,  and  enables  us  to  distinguish  an  arseniata 
from  an  arsenite.  It  is  not  formed,  however,  if  an  excess  of 
ammonia  or  a  free  acid  is  present  On  adding  a  solution  of 
magnesic  sulphate  containing  an  excess  of  ammonia  to  a  solu- 
tion of  an  arseniate,  a  precipitate  is  obtained,  (ff^)^Mg^O^' 
AsO ,  Glli^f  which  very  closely  resembles  the  corresponding 
precipitate  obtained  with  a  phosphate  under  the  same  conditions. 

196.  Arsenic  Anhydride,  As^Og^  is  obtained  as  a  white 
amorphous  solid  when  arsenic  acid  is  heated  nearly  to  redness. 
At  a  higher  temperature  it  fuses  and  is  decomposed  into  Am^O^ 
and  0-0. 

197.  Arsenic  and  Hydrogen.  —  There  are  two  compounds, 
a  solid,  H^As^  and  a  gas,  H^As.  The  gas  is  formed  whenever 
hydrogen,  in  its  nascent  condition,  comes  in  contact  with  a  com- 
pound of  arsenic,  and  its  formation  gives  us  one  of  the  most 
delicate  means  of  detecting  the  presence  of  arsenic  in  cases  of 
poisoning.  Thus,  when  arsenious  acid  is  introduced  into  an 
apparatus  evolving  hydrogen,  we  have  the  reaction 

H^^O^s  +  ZH'H=.  ZH^O  -f  H^As.         [191] 

As  thus  obtained,  however,  the  gas  is  more  or  less  mixed  with 
hydrogen.  It  may  be  obtained  pure  by  the  following  re- 
action :  — 

5W3ii«,+  (6^C7+Jy)==(8AiC4  +  Jy)  +  2ISt8iis.  [192] 

It  is  a  colorless  gas  (Sp.  Gr.  33.9),  which  may  be  condensed  to 
a  liquid  boiling  at  30**.  It  has  a  repulsive  odor,  and  is  exceed- 
ingly poisonous.  It  bums  in  the  air,  forming  Asfii  and  Hfi. 
In  the  interior  of  the  flame  the  combustion  is  imperfect,  and 
hence  the  flame  deposits  on  a  cold  surface,  which  is  pressed 
upon  it,  a  brilliant  mirror  of  metallic  arsenic  The  gas  is  de- 
composed when  passed  through  a  red-hot  glass  tube,  and  a  sim- 
ilar mirror  is  formed  on  the  inner  surface  in  front  of  the  heated 
portion.  By  careful  experimenting  these  mirrors  may  be  ob- 
tained with  hydrogen  gas,  which  contains  only  a  mere  trace  of 
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arsenic.  When  arseniuretted  hydrogen  is  passed  into  a  solu- 
tion of  argentic  nitrate,  we  obtain  the  following  remarkable 
reaction :  — 

ff^s  +  ^Ag-O'NO^  +  01,0  = 

^Ag^  +  ^H-O'NO^  +  ffs'Os'AsO.  [193] 

1 98.  Compounds  toith  the  Alcohol  RadicdU.  —  Arsenic  forms 
compounds  analogous  to  the  amines,  phosphines,  and  their  de- 
rivatives. The  compounds  trimethyl-arsine,  {CH^)zA$y  and  tri- 
ethyl-arsine,  (  GJJi)^As,  do  not,  however,  like  the  corresponding 
phosphines,  combine  directly  with  HCl  and  the  similar  acids, 
but  they  do  unite  very  readily  with  two  atoms  of  chlorine,  bro- 
mine, or  iodine,  or  with  one  atom  of  oxygen  or  sulphur,  forming 
such  compounds  as 

{CH^\A8-'Ck,    (C,II,),A$"Br^,    {CH^)^A»'0,    {C^H,\A$-& 

They  also  unite  with  the  iodides  and  bromides  of  the  alcohol 
radicals,  forming  such  compounds  as 

( Cff,\A8-I       or        ( CJI,)^As-Br, 

and  from  these  may  be  derived  basic  compounds  analogous  to 
ammonic  hydrate,  like 

(CH^),A$-0-H       or        {C^.^As-O-H. 

But  by  far  the  most  important  of  this  class  of  compounds  are 
those  which  may  be  regarded  as  derived  from  a  remarkable 
radical  substance,  {CH^fA8-(^CH^)^A$^  called  kakodyl,  which 
ia  formed  when  a  mixture  of  arsenious  anhydride  and  potassic 
acetate  is  submitted  to  distillation  in  a  closed  retort.  A  crude 
complex  product  is  thus  obtained,  from  which  the  radical  sub- 
stance may  be  subsequently  separated.  Pure  kakodyl  is  a 
spontaneously  inflammable,  exceedingly  fetid,  fuming  liquid, 
resembling  in  many  respects  the  corresponding  compound  of 
phosphorus.  It  enters  into  direct  combination  with  several  of 
the  elements,  and  is  one  of  the  best  defined  of  the  radical  sub- 
stances. Representing  the  group  of  atoms  ( CHs)2As  by  Kd, 
the  symbols  of  a  few  of  the  more  characteristic  compounds  will 
be  as  follows :  — 
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EakodjI  Kd'Kd, 

KakodyloQs  Oxide  Kd^Oj 

Kakodylic  Oxide  Kd^O^ 

Kakodylic  Acid  H-  O-KdO^ 

Kakodjlic  Anhydride  ?  Kd^O^, 

Elakodylous  Sulphide  Kd^Sy 

Kakodylic  Sulphide  Kd^S^ 

Sulpho-kakodylic  Add  ffSKdS, 

Sulpho-kakodylic  Anhydride  J^diS^ 

Kakodylous  Chloride,  Bromide, or  Iodide  KdClJKdBr^  or  Kdl^ 

Kakodylic  Chloride,  Bromide,  or  Iodide  Kd Cl^KdBr^  or  Kdl^ 

The  mutual  relations  of  the  different  compounds  studied  in 
this  section  are  illustrated  by  the  following  scheme,  which 
includes  all  the  known  compounds  of  arsenic  with  methji 
(Me  =  CH^  and  chlorine :  — 

Type  H^N.  Tjpe  OH^y, 

Me,Me^Me=Asj  ajdeJIfe^Me^MelAM^ 

Cl,Me,Me  -^At,  CI,  Cl,Afe,Me,Me  Uj, 

CI,  CUMe-^As,  CU  CU  Cl^Me^eiAsy 

Cl,CI,ChASy  ClyClyOlyClyMeUM. 

By  direct  union  with  Cl^,  the  compounds  of  the  first  column 
may  be  changed  into  the  compounds  of  the  second  colymn  on 
the  next  lower  line,  and  the  compounds  of  the  second  column, 
when  heated,  break  up  into  Me  CI,  and  the  corresponding  com* 
pound  of  the  first  column  on  the  same  line.  Moreover,  the 
first  compound  of  the  first  column  unites  directly  with  Me  CI  to 
form  the  first  compound  of  the  second  column.  Besides  the 
compounds  mentioned  above,  this  scheme  includes  another  class 
of  compounds,  which  may  be  regarded  as  formed  from  the  rad- 
ical {CH^)A8  (corresponding  to  HN),  not  yet  isdated.  Such 
are 

( CH:)Ag'I^  '  ( CH^)A8'0, 

(  CH^)A$i  Cl^  ffeO^-ii  CH^)A$'0). 

They  are  called  arsenmonomethyl  iodide,  oxide,  &c.,  and  the 
last,  arsenmonomethylic  acid.  It  is  evident  that  the  atomicity 
of  the  radical  is  not  the  same  in  all  the  compounds. 
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199.  Compounds  with  Chlorine,  Bromine^  and  Iodine.-^ 
These  elements  unite  directlj  with  arsenic,  but  only  in  one 
propoilion  forming  AiCl^  AsBr^  and  Asls>  The  first  is  a 
liquid,  the  last  two  are  volatile  solids  at  the  ordinary  tempera- 
ture of  the  air.     They  are  all  decomposed  by  water. 


2AsBr^  +  S^aO  =  As^O^  +  QffBr. 


[194] 


20Q.  Compounds  with  Sulphur.  —  Arsenic  and  sulphur  may 
be  melted  together  in  all  proportions.  They  also  form  several 
distinct  compounds.     The  most  important  are 

201.  Realgcary  As^S^  a  brilliant  red  solid,  much  used  as  a 
pigment,  and  found  in  nature  well  crystallized. 

202.  Orpimentf  AS2SS9  a  brilliant  yellow  solid,  also  used  as  a 
paint.  Formed  whenever  arsenic  is  precipitated  from  its  solu- 
tions by  BiS,  Also  found  crystallized  in  nature.  Soluble  in 
anmionia  and  caustic  alkalies,  and  precipitated  from  such  solu* 
tions  by  adds. 

203.  Arsenic  Sulphide.  ASiS^, — Only  known  in  combination. 
The  last  two  compounds  are  "  sulphur  anhydrides,"  and  form 

with  the  sulphur  bases  a  very  large  and  important  class  of  sul- 
phur salts,  many  of  which  are  native  compounds  and  important 
metallic  ores.  The  following  reactions  will  illustrate  the  forma- 
tion of  compounds  of  this  class :  — 

As^  +  (iK-  0-ff+  Aq)  = 

(ff^-^Os-'As  +  JI^--S^--As  +  ff,0  +  Aq).  [195] 

(ffyJ^a^^Os-^As  +  Sff^S  +  Aq)  = 

(ff^a^'S^'As  +  Sff,0  +  Aq).  [196] 


Proustite, 
Tennantite, 
Sartorite, 
Dufr^noysite, 


Sulpho^rsenites. 

Hexagonal 
Isometric 
Orthorhombic 
Orthorhombic 


Affs'Ss-ASf 
iCu2']siSMh '  ^eSy 
Pb-S^-AsiS^ 
Pbi^S^^As^S. 


Enargite, 


Sulpho-arseniaies. 

Orthorhombic  [  fti,],liSii(  ^55)^. 
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'  These  sjinbols  should  be  compared  with  those  of  the  oorre- 
sponding  compounds  of  antimony,  in  connection  with  which 
their  mutual  relations  will  be  explained. 

204.  Characteristic  Reactions.  —  The  importance  of  proving 
the  presence  or  absence  of  arsenic  in  cases  of  suspected  poiBon* 
ing  has  led  to  a  most  careful  study  of  the  characteristic  reac- 
tions of  this  element,  and  hence  our  knowledge  on  these  points 
is  unusually  accurate  and  full.  The  most  striking  of  these  re- 
actions have  already  been  given.  Further  details  or  descrip- 
tions of  methods  by  which  arsenic,  even  when  in  minute  quan- 
tities, may  be  detected  and  distinguished  from  antimony  lie 
beyond  the  scope  of  the  present  work. 

205.  ANTIMONY.  Sh  =  122.  —  Trivalent  or  quinquiva- 
lent This  element  is  less  abundantly  distributed  than  an>enic, 
although  found  in  similar  associations.  The  most  abundant  na- 
tive compound  is  the  gray  sulphide  (Antimony  Glance),  Si^S^ 
which  occurs  not  only  in  a  pure  state,  but  also  in  combination 
with  other  metallic  sulphides.  Antimony  is  sometimes,  although 
rarely,  found  in  the  metallic  state,  and  likewise  in  combination 
with  oxygen. 

206.  Metallic  Antimony^  Sbf,  is  most  readily  extracted  from 
the  native  sulphide  by  smelting  the  ore  with  metallic  iron. 

Sb,Ss  +  3Fe  =  SFeS  +  Sb,  [197] 

It  is  also  extracted  by  first  roasting  the  ore, 

2Sb,Ss  +  00-0  =  2Sb^0^  +  QSO^  [198] 

and  then  melting  with  charcoal  and  sodic  carbonate.  The  last 
converts  into  oxide  the  small  portion  of  the  sulphide  which  es- 
caped oxidation  in  the  roasting  process, 

5&,^  +  3iVa^=0a=C0  =  Sb^O^  +  SNii^S  +  8 00^,  [199] 
and  the  charcoal  reduces  the  oxide  to  metallic  antimony, 

Sb,Os  +  SC=Sb^  +  S  CO.  [200] 

By  oxidizing  the  crude  metal  with  nitric  acid,  and  again  re- 
ducing with  charcoal,  the  antimony  may  be  obtained  in  a 
pure  condition. 
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Antimony  is  closely  allied  to  arsenic,  but  possesses  the  pit^ 
erties  of  a  metal  to  a  still  higher  degree.  .  It  has  a  bright  me- 
tallic lustre,  which  it  preserves  in  the  air.  It  has  a  high  Sp. 
Gr.  (6.7),  and  conducts  heat  and  electricity  with  facility.  Its 
conducting  power,  however,  is  inferior  to  that  of  the  perfect 
metals,  and,  moreover,  it  is  very  brittle  and  may  be  readily  re- 
duced to  powder.  It  has  also  a  highly  crystalUne  structure, 
and  like  arsenic  it  may  be  obtained  crystallized  both  in  rhom- 
bohedfons  of  the  third  system,  and  in  octahedrons  of  the  first. 
The  first  is  the  common  form,  and  lumps  of  the  metal  may  some- 
times be  cleaved  parallel  to  the  rhombohedral  planes,  which  are 
always  more  or  less  evident  on  the  fractured  surface.  Antimony 
melts  at  430°,  and  it  volatilizes,  but  only  very  slowly,  at  a  full 
red  heat.  The  melted  metal,  when  heated  in  the  air,  slowly  ox- 
idizes, and  before  the  blow-pipe  it  bums,  the  product  of  the 
oxidation  being  in  either  case  Sb^Os»  Antimony  is  only  very 
slightly  acted  on  by  pure  hydrochloric  acid,  even  when  concen- 
trated and  boiling ;  but  on  the  addition  of  a  very  small  amount 
of  nitric  acid  the  metal  dissolves  easily,  forming  a  solution  of 
SbCl^' 

Sb^  +  (enci  +  eHNOs  +  Aq)  = 

{2SbCk  +  ^H^O  +  Aq)  +  ^NO^  [201] 

With  the  aid  of  heat  it  dissolves  in  strong  sulphuric  acid. 

Sh^  +  6^,504  =  5'5aiOei(50,)a  +  35'0,  -f  6^,0.  [202] 

Nitric  acid,  when  in  excess,  converts  the  metal  into  a  white 
powder  insoluble  in  the  acid  (chiefly  Sh^O^.  If,  however,  the 
nitric  acid  contains  a  little  hydrochloric  acid,  the  product  is 
metantimonic  acid. 

2H'0-§hO^  +  6^0  +  N^O^  +  2N0.  [203] 

Lastly,  antimony  dissolves  readily  in  a  mixture  of  tartaric 
and  nitric  acids,  which  is  one  of  the  best  solvents  of  the  metaL 
Metallic  antimony  is  chiefly  used  in  the  arts  to  alloy  with  other 
metals,  to  which  it  imparts  a  greater  hardness  and  durability. 
Type-metal  is  an  alloy  of  four  parts  of  lead  and  one  of  antimony. 
This  alloy  expands  in  *^  setting,"  and  therefore  takes  a  sharp 

12 
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impression  oi  the  mould  in  which  it  is  cast ;  and  this  property, 
as  well  as  the  hardness,  renders  type-metal  pecnliarly  suitable 
to  the  important  use  to  which  it  is  applied.  Britannia  metal, 
an  alloy  of  brass,  antimony,  tin,  and  lead,  much  used  as  the  base 
of  plated  silver-ware,  also  owes  its  hardness  and  duralnlity  to 
the  antimony  it  contains. 

207.  Antimony  and  Chlorine.  —  Antinwnunu  Chloride. 
SbCl^  —  A  solution  of  this  compound  is  readily  obtained  eith^ 
by  [201]  or  by  dissolving  the  native  sulphide  in  hydrochloric 
acid.  On  evaporating  the  excess  of  acid,  and  distilling  the  resi- 
due, the  chloride  is  obtained  as  a  white  crystalline  solid.  It  is 
deliquescent,  very  volatile,  and  melu  so  readily  (72°)  that  it 
was  formerly  known  as  butter  of  antimony.  The  Sp.  Gr.  of 
its  vapor,  as  found  by  experiment,  is  1 12.7.  Antimonious  chlo- 
ride may  also  be  obtained  by  distilling  antimony  or  antimonious 
sulphide  with  mercuric  chloride,  and  also  by  distilling  a  mixture 
of  antimonious  sulphate  with  common  salt. 

Sh^  +  A:HgCk  =  Sb^Hg^  +  [^^J^4  +  2Sb®lr  [204] 

Sh^S;,  +  ZHgCk  =  ^HgS  +  2  SbOl,.  [205] 

56,iOai(50,)8  +  ^NaCl=i^NaiO^-SO^  +  2SbClt,  [206] 

Antimonious  chloride  is  decomposed  by  water,  forming  an 
insoluble  oxychloride  and  hydrochloric  acid.  Hence  the  solu- 
tion obtained  by  [201]  becomes  turbid  when  diluted  with  water. 
The  presence  of  tartaric  acid  in  sufficient  quantity  prevents  the 
decompo8ition,  and  a  solution  of  this  acid  dissolves  the  oxychlo- 
ride when  formed.  By  long-continued  washing  the  oxychloride 
may  be  converted  into  antimonious  oxide. 

{Sha^  +  H,0  +  Aq)  =  SbOCl  +  (2J7CT  -f  Aq).  [207] 
28bOCI  +  (i/,0+J9)  =  SIM»s  +  (2i^^^+^9)-  [208] 

Antimonious  chloride  combines  with  the  chlorides  of  the 
metals  of  the  alkalies  and  of  the  alkaline  earths,  and  forms  sol- 
uble crystalline  salts.  Hence  it  may  be  mixed  with  coooen- 
trated  tsolutiona  of  these  chlorides,  as  also  with  strong  hydro- 
chloric acid,  without  undergoing  decomposition.  The  following 
are  the  symbols  of  a  few  of  these  double  chlorides,  which 
best  regarded  &s  molecular  compounds:^ 
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ZKCl.ShCky  2KCl.SbCky 

ZNaGl.ShCky  BaCk.SbCk.2ifftO.' 

208.  ArUimonic  Chloride^  SbCl^^  maj  be  formed  by  passing 
chlorine  gas  over  Sb  01^  or  by  aeting  on  the  metal  with  an  ex- 
cess of  the  same  reagent  It  is  a  volatile,  fuming  liquid,  which 
readily  parts  with  two  fifths  of  its  chlorine,  and  is  therefore 
sometimes  used,  like  PCl^y  as  a  chloridizing  agent.  It  is  at 
once  decomposed  by  water.  With  only  a  small  quantity  it  forms 
an  oxy chloride  (compare  [1B5]). 

JI^O  +  SbCh  =  2ffCl  +  SbCfkO.  [209] 

With  an  excess  of  water,  either  ortho-antimonic  acid  or  pyro- 
antimonic  acid  results. 

SbCls  +  AB^O  =  H^^O^^SbO  +  bHCk        [210] 

or  2SbCk-\'lH^O  =  E^W^^Sb^Ot,^\0HCl    [211] 

The  presence  of  tartaric  acid  prevents  these  reactions.  By 
the  action  of  H^S  on  SbCl^  a  sulpho-chloride  may  be  formed. 

SbOk  +  fftS=  SbCl^S+  2HCI  [212] 

A  bromide  of  antimony,  SbBr^  and  an  iodide,  Sbl^,  are 
readily  formed  by  the  direct  action  of  these  elements  on  the 
metal,  but  no  penta-bromide  or  iodide  has  yet  been  obtained. 
They  are  both  fusible  and  volatile  solids,  and  when  acted  on  by 
water  are  converted  into  SbBrO  and  SblO,  The  correspond- 
ing fluoride  dissolves  in  water  without  decomposition,  and  forms 
with  the  alkaline  fluorides  a  number  of  double  salts. 

ZNaF.  SbF^  2{E^)F.  SbF^  KF.  SbF^ 

209.  Antimony  and  Oxygen.  —  Antimonious  Oxide,  Sb^O^ 
—  This  compound,  already  mentioned  as  a  product  of  the  direct 
oxidation  of  antimony,  may,  like  As^O^  be  obtained  crystallized 
both  in  octahedrons  of  the  first  system  or  in  rhombic  prisms  of 
the  fourth,  and  on  this  difference  of  form  depends  the  distinc- 

1  These  83niibo1ft  are  thus  written  to  show  the  relationB  of  the  componndB. 
To  be  strictly  accurate  they  fthoulU  be  doubled. 
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tion  between  the  two  minerals  Senarmontite  and  Valentinite, 
both  of  which  consist  of  this  same  substance.  The  oxide  is 
most  readily  prepared  artificially  by  pouring  a  solution  <£  SbOlg 
[201]  into  a  boiling  solution  of  sodic  carbonate. 

(SNa^-OrCO  -f  2S6C4  +  Aq)  = 

SbaOs  4-  (6iVaC/  +  Aq)  +  8®®^  [218] 

Antimonious  oxide  acts  both  as  a  basic  and  as  an  acid  anhj« 
dride,  although  the  first  is  by  far  its  most  marked  character. 
It  is  but  very  slightly  soluble  in  water.  When  the  solution  of 
SbCl^  is  poured  into  a  cold  solution  of  sodic  carbonate,  we 
have  the  reaction, 

{ZNa^^Oi-CO  +  2SbCk  +  H^O  +  Aq)  = 

2H-0-l^bO  +  (6iVaC/  4-  Aq)  +  8(3®,,  [214] 

and  the  product  may  be  regarded  as  metantimonious  acid,  for 
it  dissolves  iu  caustic  alkalies  and  forms  definite,  although  very 
unstable,  salts.  On  the  other  hand,  the  oxide  dissolves  in  fum- 
ing sulphuric  and  fuming  nitric,  as  well  as  in  hydrochloric  acids, 
forming  crystalline  salts,  in  which  the  antimony  plays  the  part 
of  a  basic  radical. 

The  mo<«t  important  salt  of  this  cla^s  is  that  formed  by  dis- 
solving Sh^O^  in  a  solution  of  acid  potassic  tartrate  (cream  of 
tartar).  This  compound  is  very  much  used  in  medicine  as  an 
emetic  and  hence  the  trivial  name  tartar  emetic.  Tartaric  acid 
is  tetratomic,  but  only  bibasic  (43),  and  we  have  the  following 
series  of  compounds :  — 

Tartaric  Acid  J7, ,  J7,i  0^ ?(  C^H^  0,), 

Neutral  Potassic  Tartrate  K^ ,  H^iO^^{  C^H^O^, 

Acid  PotasMC  Tartrate  KJI,  H^W^^{  C^ff^Oo), 

Tartar  Emetic  (crystallized)     K,SbO ,  ff^W^^-(  CJI^O^)  .  //,0, 
after  heating  to  200*     K.Shi  0^ §(  C^H^ O,). 


«( 


It  will  be  noticed  that  in  forming  tartar  emetic  the  radical 
ShO  of  the  compound  H-O-ShO  takes  the  place  of  one  atom 
of  basic  hydrogen,  which  still  remains  unreplaced  in  cream  of 
tartar.    On  heating  the  crystallized  salt  to  100*  it  gives  up  its 
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water  of  crystallization.  At  200**  it  gives  off  an  additional 
atom  of  water,  formed  at  the  expense  of  the  oxygen  in  the  rad- 
ical just  named  and  of  the  two  atoms  of  hydrogen  distinguished 
as  negative  in  the  acid ;  and  it  will  be  seen  that,  in  the  anhydrous 
salt  thus  obtained,  one  atom  of  antimony  takes  the  place  of  three 
typical  atoms  of  hydrogen  in  tartaric  acid.  Compounds  similar 
to  tartar  emetic  may  be  made  in  a  similar  way  with  the  oxides 
of  arsenic,  bismuth,  and  uranium.  Their  symbols  differ  from 
that  of  tartar  emetic  only  in  having  the  radicals  AsO,  AsO^, 
BiO,  or  UO^  in  place  of  ShO^  and  they  undergo  a  similar  de- 
composition when  heated.  Compounds  of  the  same  class  may 
also  be  obtained  with  other  anhydrides  than  those  of  the  group 
of  elements  we  are  now  studying  (as  Fe^Oz  Or^Oz^  B^O^t  &c.), 
and  when  it  is  further  added  that  the  potassium  in  these  com- 
pounds may  be  replaced  by  other  univalent  radicals,  or  even  by 
bivalent  radicals  soldering  together  two  molecules  of  the  oi*di- 
nary  type,  it  will  be  seen  that  a  very  large  number  of  such 
salts  are  possible.  Lastly,  the  fact  that  a  compound  has  been 
prepared  in  which  two  of  the  typical  atoms  of  hydrogen  are 
replaced  by  the  positive  radical  ethyl,  while  the  other  two  are 
replaced  by  the  negative  radical  acetyl,  and  the  additional  fact 
that  no  salt  can  be  obtained  in  which  all  the  four  atoms  are  re- 
placed by  a  well-defined  positive  radical,  give  a  strong  presump- 
tion in  favor  of  the  formula  of  the  tartrates  adopted  above. 

Antimonious  oxide,  when  heated  out  of  contact  with  the  air, 
volatilizes  unchanged,  but  under  the  same  conditions  in  the  air  it 
bums  like  tinder,  forming  a  higher  oxide,  Sh^O^^  which  is  fixed, 
even  at  a  high  red  heat.  By  ignition  with  charcoal  or  hydrogen, 
all  the  oxides  are  readily  reduced  to  the  metallic  state. 

210.  ArUimonic  Add.  —  The  reactions  have  already  been 
given  [203],  [210],  [211]  by  which  the  three  conditions  of  this 
acid  may  be  prepared.    They  are 

Metantimonic  Acid  H'O'SbO^t 

Orthoantimonic  Add  H^^Oz'ShOy 

Pyroantimonic  Acid  H^W^'^Sh^O^ 

Pyroantimonic  acid  may  also  be  prepared  by  acidifying  the 
solution  of  acid  potassic  pyroantimoniate  mentioned  below, 

(Z^,§0,i5&,0a  +  ^HCl  +  Aq)  = 

HjkOj^Sh^Ot,  +  {2KCI  -f  Aq),  [215] 
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bnt  wben  this  precipitate  is  dried,'  it  loset  water  and  changw 
into  metantimooic  acid, 

If^W^BSb^Os  =  2H'0'SbO^  +  H^O.  [216] 

The  existence  of  orthoantimonic  acid  has  not  been  as  jret 
well  established,  but  the  other  two  are  well  known,  and  nuuij 
of  their  salts  have  been  investigated.  The  most  interesting  of 
these  salts  is  obtained  bj  fusing  antimonic  anhydride  with  an 
excess  of  potassic  hydrate,  and  extracting  the  fused  mass  with 
water.  An  alkaline  solution  is  obtained,  containing  a  salt 
whose  composition  is  expressed  by  the  symbol  H^JK^^O^^Sh^O^ 
This  solution  produces  a  precipitate  in  solutions  of  salts  of  so- 
dium, and  is  sometimes  used  as  a  reagent  in  testing  for  this 
element  The  sodic  salt  thus  precipitated  has  the  composition 
H^tNa^^O^^Sh^O^ .  ^H^O.  Antimonic  acid,  in  either  of  its  con- 
ditions, is  insoluble  in  water,  as  well  as  the  antimoniates,  with 
a  few  exceptions.  In  this  respect  they  frequently  differ  from 
the  corresponding  compounds  of  phosphorus  and  arsenic,  which 
they  closely  resemble  in  molecular  constitution. 

211.  Antimonic  Anhydride,  Sh^O^  is  readily  prepared  by 
gently  heating  metantimonic  acid,  the  product  of  reaction  [203]. 
It  is  a  pale  yellow  powder,  insoluble  in  water.  Fused  with  al- 
kaline hydrates  or  carbonates  it  yields  various  antimoniates. 
When  ignited  alone  it  gives  off  one  fiflh  of  its  oxygen,  and  the 
product  is  the  same  white  powder,  Sh^O^,  which  is  formed  by 
the  oxidation  of  antimonious  oxide.  This  intermediate  oxide 
is  the  most  stable  of  the  oxides  of  antimony.  It  is  sometimes 
called  antimonious  acid,  and  when  fused  with  the  alkalies  it 
enters  into  combination  with  them,  but  the  products  thus  ob- 
tained may  be  regarded  as  mixtures  of  an  antimonite  and  an 
antimoniate,  and  the  oxide  itself  appears  to  be  an  antimoniate 
of  antimony,  SbO-0-SbO^  A  rare  mineral  called  Cervantite 
has  the  same  composition. 

212.  A  ntimony  and  Hydrogen,  — •  Antimoniuretted  Ifyirogetu 
H^Sh,  —  When  any  soluble  compound  of  antimony  is  added  to 
an  apparatus  evolving  hydrogen  [64],  we  obtain  a  product 
c)oj*ely  rer^embling  arsenioretted  hydrogen,  bat  containing  anti- 
mony instead  of  arsenic 

ShCk  +  ^H'H:=^  H.8b  -f  ^Hd  [217] 
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The  antimony  compound  thus  formed  is  always  mixed  with 
much  hydrogen  gas,  and  has  not  yet  been  obtained  in  a  pare 
condition.  When  burnt  in  air  it  yields  water  and  antimonious 
oxide. 

2^3^  +  30=0  =  5^03  +  Sff^O.  [218] 

If  burnt  against  a  cold  surface,  so  that  the  combustion  is  incom- 
plete, the  antimony  is  deposited  and  a  metallic  mirror  is  formed. 

Aff^Sb  -f  30=0  =  Sb^  4-  6J7,0.  [219] 

The  compound  is  decomposed  and  a  similar  mirror  formed 
when  the  gas  is  passed  through  a  red-hot  tube. 

When  the  gas  is  transmitted  through  a  solution  of  argentic 
nitrate  we  get  the  reaction 

{ZAg-O-NO^  -f  Aq)  +  H^Sb  = 

Ag^Sb  +  (SJI'O'NOa  +  Aq).  [220] 

This  reaction,  and  the  well-established  trivalent  character  of 
antimony,  fix  the  composition  of  antimoniuretted  hydrogen  be- 
yond all  reasonable  doubt. 

Compounds  of  antimony  with  the  alcohol  radicals  hare  been 
prepared,  both  afler  the  type  of  ammonia  and  that  of  the  am- 
monium salts.     Thus  we  have 

Trimethyl-stibine  ( CH^^Sb, 

Trimethyl-stibine  Chloride  {CH^^SbCl^ 

*  Trimethyl-stibine  Oxide  {CH^\SbO, 

Tetraraethyl-stibonium  Iodide  (  CHj)^SbI^ 

Tetraraethyl-stibonium  Hydrate  (^CH^^Sb'O'H^ 

and  the  corresponding  compounds  of  ethyl  and  amyl.  The  re- 
action of  triethyl-stibine  on  hydrochloric  acid  is  interesting,  as 
it  illustrates  the  serial  relations  among  the  group  of  elements 
we  are  studying.  {C2H^^Sb  not  only  does  not  combine  with 
HCl,  but  actually  decomposes  the  acid,  yielding  {C^^^ShCl^ 
and  H'H,  Compounds  of  antimony  corresponding  to  those  of 
the  kakodyl  group  are  not  known. 

213.  Antimony  and  Zinc.  — There  are  two  very  well  marked 
crystalline  compounds  of  antimony  and  zinc,  Zn^Sb^  and  Zn^Sb^, 
wbidi  give  still  farther  evidence  of  the  usual  trivalent  charac- 


272  ANTIMONY.  [1214. 

ter  of  antimony.    The  compound  Zn^Sh^  moreover,  decompoees 
water  with  the  evolution  of  hydrogen  gas. 

214.  Antimony  and  Sulphur  {Crude  Antimony). — Anti' 
monious  Sulphide,  Sb^S^ —  The  gray  sulphide  of  antimony  has 
already  been  noticed  as  a  native  product  It  is  known  to  min- 
eralogists as  Antimony  Glance,  and  is  distinguished  by  its  great 
fusibility.  Large  splinters  of  the  mineral  readily  melt  in  a 
candle  flame.  Hence  it  is  easily  separated  by  fusion  from  the 
gangue  with  which  it  is  found  associated,  and  the  process  is 
termed  '^  liquation."  Its  crystals  have  a  bright  metallic  lustre, 
and  the  form  of  rhombic  prisms  of  the  fourth  system;  but  a 
strong  tendency  to  longitudinal  cleavage  gives  to  them  a  bkded 
appearance. 

When  antimony  and  sulphur,  or  antimonious  oxide  and  sul- 
phur, are  melted  together  in  proper  proportion!^,  a  compound  is 
obtained  similar  to  the  native  sulphide.  Moreover,  a  precipi- 
tate of  the  same  composition  falls  when  H^S  is  passed  through 
the  solution  of  any  antimonious  compound.  This  precipitate, 
however,  has  a  brick  red  color^  and  is  probably  an  isomeric 
modification  of  the  native  gray  compound.  It  is  insoluble  in 
dilute  hydrochloric  acid  when  cold,  but  readily  dissolves  in  the 
hot  acid  if  moderately  concentrated.  It  is  also  soluble  in  Bola- 
tions  of  alkaline  hydrates. 

Sb^S^  +  (6A'-0-^+  Aq)  = 

{K^-S^^Sh  +  AV03-=5*  +  8^,0  +  Aq).  [221] 

From  this  solution  it  is  again  precipitated  on  the  addition  of  an 
acid. 

{K^^S^^Sh  +  K^^O^-Sh  +  6/rr/  +  Aq)  = 

Sh,S,  +  (CAa  +  3//,0  +  Aq).  [222] 

In  like  manner  it  dissolves  in  solutions  of  alkaline  sulpho- 
hydrates. 

Sh^  +  (6A'-5'-jy+  Aq)  — 

(2K,^S,'-Sb  +  Aq)  +  BHfS.  [228] 

Antimonious  sulphide  is  a  strong  sulpho-anhydride,  and 
many  of  its  salts  are  important  minerals.  The  following  are  a 
few  examples.    We  give  the  symbols  in  their  simplest  form, 
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but  in  the  minerals  themselves  the  antimony  is  frequently  more 
or  less  replaced  by  arsenic,  and  the  principal  metallic  radical 
by  others  isomorphous  with  it.  These  compounds  are  best 
classified  by  referring  them  to  a  series  of  assumed  sulphur  acids, 
related  to  each  other  like  the  successive  anhydrides  of  the  oxy- 
gen acids  (181),  but  derived  from  the  normal  compound  of  the 
series  by  eliminating  successive  molecules  of  /^aSI  They  may 
be  distinguished  as  ortho,  meta,  and  pyro-sulphantimonites,  but 
these  terms  have  no  special  appropriateness  except  so  far  as 
they  imply  a  distinction  analogous  to  that  which  obtains  be- 
tween similar  oxygen  compounds. 


Orth<h8ulphanfiman%ies. 


Pyrargyrite 

Stephanite 

Polybasite 

Boumonite 

Meneghinite 

Tetrahedrite 


Hexagonal 

Orthorhombic 

Orthorhombic 

Orthorhombic 

Monoclinic  ? 

Isometric 


Ag^-S^^Sb ,  ZAg^Sj 


Miargyrite 
Zinkenite 
Chalcostibite 
Berth  ierite 


Meta-sitlphaniimanites. 

Monoclinic 

Orthorhombic 

Orthorhombic 


Ag-S-SbS, 
Pb'SrSb,S^ 
Ou-SfSb^St, 
Fe-S^-Sb^Sr 


Pyro-mlphantxmonxtes, 
Jamesonite  (feather  ore)         Orthorhombic  Pb^^S^iSbfS^ 

Freieslebenite      Monoclinic     dAg^^S^^^Sb^S.  APb^xS^^^Sb^S. 

A  few  points  in  connection  with  the  above  formulsB  require 
further  explanation.  Of  the  three  dyad  atoms  which  compose 
the  basic  radical  of  the  mineral  Boumonite,  two  are  atoms  of 
lead,  and  one  a  double  atom  (34)  of  copper.  Now  we  may  either 
suppose  that  each  molecule  of  the  mineral  is  constituted  as  our 
symbol  would  indicate,  or  we  may  regard  it  as  a  molecular 
aggregate  of  two  distinct  compounds,  namely,  \^ChA^ilS^Sb^ 
and  PbglSf^Sb^  and  as  containing  for  every  two  moleculea 

12*  R 
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of  the  last  one  molecule  of  the  first.  In  Freieslebenite,  lioir> 
ever,  the  proportions  of  silver  and  lead  are  such  that  the  cooh 
position  of  the  mineral  can  only  be  accurately  expressed  in  the 
second  of  the  two  ways  just  indicated,  and  this  is  the  genend 
rule  in  the  mineral  kingdom.  Again,  the  minerals  Stephanite^ 
Polybasite,  Meneghinite,  and  Tetrahedrite  may  be  beet  regarded 
as  molecular  aggregates  of  an  ortho-sulphantimonite  and  a  gim- 
ple  metallic  sulphide,  in  which  the  last  plays  very  much  the 
same  part  as  the  water  of  crystallization  in  our  ordinary  salts. 
In  all  the  above  cases  the  results  of  analysis  would  indicate 
a  great  constancy  in  the  relative  number  of  heterogeneous  mole- 
cules which  enter  into  the  composition  of  the  mineral ;  but  in 
other  cases  no  such  constancy  is  observed,  and  one  element  is 
found  replacing  another  in  almost  any  proportion.  In  tetra- 
hedrite, for  example,  we  frequently  find  the  copper  more  or  leM 
replaced  by  silver  or  mercury,  the  antimony  in  like  manner  re- 
placed by  arsenic  or  bismuth,  and  the  zinc  by  iron.  This  we 
express  by  writing  the  symbols  of  the  replacing  elements  to- 
gether within  the  same  brackets.  Thus  [[  Cu^^nAffftlfff']  standi 
for  only  one  atom,  but  indicates  that  in  the  mineral  the  copper 
is  more  or  less  replaced  by  silver  and  mercury.  So  also  the 
symbol  [^Zn^Fe]  represents  only  one  atom,  but  indicates  that 
the  zinc  is  to  a  certain  extent  replaced  by  iron.  In  its  most 
general  form  the  symbol  of  tetrahedrite  would  be  written,  — 

This  symbol  indicates  nothing  in  regard  to  the  relative  propor- 
tions of  the  elements  enclosed  in  the  same  brackets,  and  in  fact 
this  prof>ortion  is  variable  in  different  specimens  of  the  same 
minonil.  but  it  does  show  that,  so  far  as  the  number  of  atoms  is 
oonc<Tned,  l[Cu^'].Ag^ffg'}  :  ISb.As.Bi']  :  \_Zn^Fe]  =  8:2:1. 

It  i-i,  of  course,  im|)ossible,  according  to  our  present  theories, 
tliat  ea(*h  molecule  should  have  this  complex  constitution ;  bat 
we  may  suppose  that  in  the  mineral  there  are  certain  molecules 
containinc;  one  set  of  elements,  and  other  molecules  a  different 
set,  the  actuiil  s|)eeimen  being  an  agjrreprate  of  all  ;  and  furthefi 
we  must  supfKwe  that  there  are  two  kinds  of  molecular  aggre- 
gation, one  in  which  the  molecules  are  united  in  more  or  less 
definite  proportions,  and  a  second  where  they  are  merely  mixed 
in  any  pro[>ortion8  which  accident  may  have  detennined. 


§21 7.  J  BISMUTH.  275 

215.  Antimonie  Sulphide.  Sh^S^^  —  When  J/^'^  ^  passed 
through  a  solutioD  of  SbCl^,  an  orange-ook>red  precipitate  is 
formed,  having  the  composition  which  our  sjrmbol  indicates. 
It  may  be  questioned,  however,  whether  the  precipitate  is  not 
an  intimate  mixture  of  Sh^S^  and  S^Sy  for  when  treated  with 
sulphide  of  carbon  two  fifths  of  the  sulphur  is  dissolved,  Sb^S^ 
being  left ;  and,  moreover,  it  is  decomposed  by  boiling  hydro- 
chloric add  into  ShCl^  H^  and  S^'S,  On  the  other  hand,  it  is 
dissolved  in  alkaline  hydrates  and  sulphides,  forming  sulphanti- 
moniates,  and  from  these  solutions  the  same  substance  is  again 
precipitated  on  the  addition  of  an  add. 

ASh^S^  -f  {2iK-0'H+  Aq)  = 

(^K^^O^^ShO  +  bK^^S^^ShS+  12J550  +  Aq).  [224] 

Sb^S,  +  {ZK^S+  Aq)  =  (2K;,'-S,''SbS  +  Aq).  [225] 

(2K^^S^^SbS  +  eifCl  +  Aq)  = 

Sb,S,  +  (QKCl  +  Aq)  +  8^^  [226] 

216.  Char€U!UrUtie  Reactiom.  -—  The  formation  of  the  red 
sulphide  by  the  action  of  H^S  is  one  of  the  most  characteristic  • 
indications  of  the  presence  of  antimony ;  but,  before  this  test 
can  be  applied,  the  antimony  must  be  separated  ^m  all  those 
elements  which  would  obscure  the  reaction,  by  the  well-known 
methods  of  qualitative  analysis.  The  blow-pipe  reactions  of 
antimony  are  also  very  characteristic  They  consist  in  the  foi«* 
mation  of  a  brittle  metallic  bead  or  a  coating  of  volatile  oxide 
on  charcoal,  and  in  the  peculiar  bluish-green  color  which  this 
oxide  imparts  to  the  blow-pipe  flame. 

217.  BISMUTH.  Bi  =  21 0.—Trivalent  and  quinquivalent 
One  of  the  rarer  elements.  Usually  found  native,  sometimes 
combined  with  sulphur,  in  bismuth  glance,  Bi^S^  and  rarely 
with  both  sulphur  and  tellurium,  in  tetradymite,  Bi^  Te^S.  Me- 
tallic bismuth  is  readily  extracted  from  the  native  mineral  b^ 
fusion  (liquation).  After  the  analogy  of  phosphorus  and  ar- 
senic, we  assign  to  the  elementary  substance  the  molecular  for- 
mula Bi^ ;  but  since  the  metal  does  not  volatilize  except  at  » 
very  high  temperature,  we  have  not  been  able  to  determine  ita 
molecular  weight  experimentally.  Bismuth  melts  at  265^,  and* 
forms  alloys  which  are  remarkable  for  their  great  fosibility.' 
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An  alloj  containing  two  parts  of  bismuth,  one  of  lead,  and  one 
of  tin,  melts  at  about  94^,  and  the  addition  of  cadmium  reduces 
the  melting-point  still  lower.  These  alloys  expand  on  hard* 
ening,  and  are,  therefore,  useful  for  making  casts. 

As  we  descend  in  the  series  from  antimony  to  bismuth,  the 
metallic  qualities  become  still  more  s  marked.  The  Sp.  Chr.  of 
bismuth  equals  9.83.  Its  lustre  is  brilliant,  with  a  reddish 
tinge.  It  is  less  brittle  than  antimony,  and  even  is  slightlj 
malleable.  Bismuth  may  readily  be  crystallized  in  rhombohe- 
drons  isomorphous  with  those  of  antimony ;  but  it  has  not  yet 
been  crystallized  in  forms  of  the  isometric  system.  Bismuth  is 
not  dissolved  by  strong  hydrochloric  acid,  nor  even  by  sulphorie 
acid,  except  when  concentrated  and  boiling.  Nitric  acid  read- 
ily dissolves  it  with  evolution  of  NO^  forming  a  well-crystal- 
lized nitrate  (distinction  from  antimony).  The  metal  also  dis- 
solves in  aqua-regia,  and  combines  directly  with  chlorine,  bro- 
mine, and  iodine. 

218.  Bismuth  and  the  Alcohol  Radicals,  —  No  compound  of 
bismuth  and  hydrogen  is  known,  but  bismuth  combines  with 
ethyl,  forming  a  very  unstable  liquid,  which  inflames  spontane- 
ously in  the  air  and  explodes  at  150^.  It  has  the  compositioa 
(  C^H^^Bi^  and  from  it  may  be  obtained  the  compound  (  C^^% 
Bili  in  yellow  six-sided  crystalline  plates.  This  is  the  iodide 
of  a  bivalent  radical,  which  forms  also  definite  but  very  unsta- 
ble compounds  with  chlorine  and  oxygen,  and  is  capable  of 
replacing  the  hydrogen  of  nitric  or  sulphuric  acids. 

219.  Bismuth  and  Chlorine,  —  Only  one  compound  of  bis- 
muth and  chlorine  is  known,  BiCl^  and  this  may  be  obtained 
either  by  passing  chlorine  over  the  metal,  by  distilling  the  metal 
with  corrosive  sublimate,  or  by  distilling  the  residue  obtained 
when  a  solution  of  the  metal  in  aqua-regia  is  evaporated  to  dry<- 
ness.  The  pnxluct  in  either  case  is  a  very  fusible  and  volatile 
solid  resemjliling  the  corresponding  compound  of  antimony.  It 
dissolves  in  hydrochloric  acid,  but  is  decomposed  by  water  into 
hydrochloric  acid  and  insoluble  oxychloride  of  bismuth,  BiOCL 
The  same  oxychloride  is  precipitated  when  a  solution  of  bismo- 
thous  nitrate  is  poured  into  a  solution  of  common  salt  It  is  a 
brilliant  white  powder,  known  under  the  name  of  pearl  white, 
and  much  used  as  a  cosmetic  It  is  insoluble  in  tartaric  acid, 
ammonic  sulphide,  or  solution  of  potash,  and  is  thus  distinguished 
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from  oxjchloride  of  antimonj  precipitated  tinder  similar  condi- 
tions. Bismuthous  chloride  combines  with  hydrochloric  acid 
and  the  alkaline  chlorides  to  form  double  salts,  and,  like  SbClg, 
maj  be  mixed  with  concentrated  solutions  of  these  compounds 
without  undergoing  decomposition. 

The  compounds  of  bismuth  with  bromine,  iodine,  and  fluorine 
are  BiBr^,  Bil^  and  BiFl^. 

220.  Bismuth  and  Oxygen.  —  Metallic  bismuth  does  not 
tarnish  in  the  air,  but  at  a  red  heat  the  melted  metal  slowly 
oxidizes,  and  before  the  compound  blow-pipe  it  burns  brilliantly. 
The  product  of  the  oxidation  is  Bismuthous  Oxide,  Bi^O^,  The 
same  compound  is  obtained  by  heating  the  nitrate  to  a  hw  red 
heat.  It  is  a  pale  yellow  powder,  which  melts  at  a  full  red  heat 
to  a  dark  yellow  liquid.  It  is  insoluble  in  water,  and  will  not 
directly  combine  with  it ;  but  by  pouring  a  solution  of  bismu- 
thous nitrate  in  dilute  nitric  acid  into  dilute  aqua  ammonia,  or 
into  a  solution  of  potassic  hydrate,  a  white  hydrate  of  the  metal 
is  precipitated.  This  hydrate,  when  dried,  has  the  composition 
BiO'O'H;  but  there  are  reasons  for  believing  that  the  precip- 
itate falls  of  the  composition  Bi^O^-H^  By  a  gentle  heat,  or 
by  boiling  with  caustic  alkalies,  all  the  water  is  expelled  and 
Bt^Os  is  left.  Bismuthous  oxide  is  a  decided  basic  anhydride. 
It  is  dissolved  by  hydrochloric,  nitric,  and  sulphuric  acids,  form- 
ing definite  salts.  Nevertheless,  by  fusing  the  oxide  with  sodic 
carbonate,  atl  unstable  compound  is  obtained,  in  which  the 
metal  is  the  basic  radical  (Na-O-BiO). 

By  passing  chlorine  through  a  solution  of  ^- O-J^  holding 
Bt^Os  in  suspension,  a  red  deposit  is  obtained,  which  is  a  mix- 
ture of  bismuthic  acid,  H-O-BiO^  and  bismuthic  anhydridey 

2H'0-BiO^  +  {iKCl  -\-H^0  +  Aq).  [227] 

The  two  products  may  be  separated  by  means  of  cold  nitric 
acid,  which  dissolves  only  the  anhydride.  Bismuthic  acid  dis- 
solves in  a  solution  of  potassic  hydrate,  giving  a  blood-red  solu- 
tion ;  but  the  salt  thus  formed  is  very  unstable  and  is  decom- 
posed by  mere  washing.  The  other  compounds  of  the  acid  are 
little  known.  At  a  temperature  of  130®  the  red-colored  add  is 
resolved  into  water  and  the  brown  anhydride. 
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Bismuthic  anhydride^  when  gently  heated^  changes  into  an  in- 
termediate oxide,  Bi^O^i,  or  rather  into  a  mixture  of  this  oxide 
and  Bi^O^  If  heated  in  a  current  of  hydrogen,  it  ia  at  ohm 
completely  reduced  to  the  lower  degree  of  oxidation.  When 
heated  with  sulphuric  or  nitric  acids  it  evolves  oxygen,  prodn* 
cing  hismuthous  sulphate  or  nitrate ;  and  when  heated  with  hy- 
drochloric acid  it  evolves  chlorine,  yielding  hismuthous  chloride 

221.  Biimuthaui  NitraUy  Bi^Os^^NO^s .  5J%0,  is  the  most 
important  of  the  salts  of  bismuth.  It  forms  large  deliquescent 
crystals.  It  readily  dissolves  in  water  strongly  acidified  with 
nitric  acid,  but  when  mixed  with  a  large  volume  of  water  it  Is 
decomposed,  and  a  white  basic  salt  of  somewhat  variable  oompo- 
sition,  formerly  called  the  magistery  of  bismuth,  b  precipitated. 
The  first  precipitate  appears  to  consist  mainly  of  the  compound 
Bi^Oi^{NO^JIt\  but  this  is  more  or  less  decomposed  by  the 
subsequent  washings.  The  product  is  now  generally  known  as 
the  basic  nitrate  of  bismuth,  and  is  used  medicinally. 

222.  BtsmiUhous  Sulphate.  —  When  hismuthous  oxide  dis* 
solves  in  sulphuric  acid,  the  normal  sulphate  Bi^lO^l^SO^^h 
undoubtedly  formed ;  but  when  the  solution  is  evaporated  this 
salt  loses  the  larger  part  of  its  acid,  and  the  yellow  product 
obtained,  when  the  residue  is  gently  heated,  has,  approximately 
at  least,  the  composition  (BiO)^''Oi'S02;  although,  being  easily 
decomposed  by  heat,  it  is  difiicult  to  obtain  the  compound  in  a 
pure  condition.  The  formula  of  the  basic  nitrate  may  also  bo 
written  BiO'O'NO^.  H^O,  and  the  formation  of  salts  of  this 
type  is  characteristic  of  the  class  of  elements  we  are  studying. 

223.  Bismuth  and  Sulphur.  —  The  native  compound  of  bis- 
muth and  sulphur  already  mentioned,  BifSa,  is  isomorphous  with 
antimony  glance,  Sh^^  which  it  closely  resembles.  The  same 
compound  may  be  obtained  by  fusing  bismuth  with  sulphur  in 
proper  proportions,  and  also  by  passing  ff^  through  the  solu- 
tion of  a  bismuth  salt.  The  precipitated  sulphide  is  black,  and 
is  not  dissolved  by  alkaline  hydrates  or  sulpho-hydrates.  It  is 
also  insoluble  in  all  the  dilute  mineral  acids,  but  it  dissolves  in 
hot  nitric  acid.  When,  however,  the  solution  is  mixed  with 
water,  most  of  the  bismuth  is  again  precipitated  as  basic  nitratew 
When  heated  in  the  air,  Bi^%  is  oxidized  and  yields  SO^tJoA 
Bt\Oj^  which  melts  to  dark  yellow  globules.  Hismuthous  sol- 
phidn  is  a  sulpho-anhydride,  and  the  following  miuerala  may  be 
regarded  as  sulpho-bismuthites :  — 
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KobeUite  Orthorhombic  ?  PA,i4S;,iA',/S2i, 

Needle  Ore  ^  ([  Oiia],^*,)  1^1  A'j^ 

Wittichenite  "  lGu;\j^lS^lBi^ 

Emplectite  **  [Cu^yS^'^Bi^S^. 

224.  Charaeteristie  RMcHom,  —  The  decompoeition  of  the 
soluble  salts  of  bismuth  by  water,  with  the  formation  of  an  in« 
soluble  basic  salt,  is  the  most  characteristic  reaction  of  this 
metal.  The  salts  of  bismuth  are  easily  reduced  on  charcoal 
before  the  blow-pipe,  and  yield  a  metallic  bead,  surrounded  by 
a  yellow  coating  of  oxide. 


Quutiofu  and  ProNemi. 

Nitrogen. 

1.  In  order  to  determine  the  composition  of  the  air,  868.7  cTm^* 
of  air  measured  under  a  pressure  of  55.76  c.  m.,  and  at  5^.5,  were 
mixed  Hn  an  eudiometer-tube  with  a  quantity  of  pure  hydrogen. 
Afler  addition  of  hydrogen  the  volume  measured  1006.7  oTm?^ 
under  pressure  of  69.11  cm.  The  mixture  was  next  exploded 
by  an  electric  spark,  and  after  the  explosion  the  residual  gas 
measured  800.7  oTm^y  under  a  pressure  of  49.14  c.  m.,  and  at  5^.6. 
Bequired  composition  of  air  by  volume  in  100  parts. 

Solution.  By  [4]  and  [9]  it  will  be  found  that  the  three  volumes 
given  above  would  have  measured,  under  the  normal  condi-^ 
tions,  respectively  621.20,  897.88,  and  507.88.  The  absorption 
due  to  the  combustion  of  the  hydrogen  is  then  897.8  — 507.8 
=  890  cTm'  Of  this  \  or  180  was  oxygen.  Hence  621.20 
cTm.*  of  air  contained  180  cTm".'  of  oxygen  and  491.2  cTm.* 
of  nitrogen,  or  100  parts  contained  20.92  oxygen  and  79.08 
nitrogen. 

2.  In  another  experiment  885.4  cTm.'  of  air  at  58.88  c.  m.,  and 
0^.5  were  taken.  After  addition  of  hydrogen,  volume  measured 
1052.7  c.  m.',  at  70.81  c.  m.  and  0^.5.  After  explosion  the  volume 
was  reduced  to  858.8  oTm',  at  51.86  c.  m.  and  0^.5.  Bequired 
composition  of  air  by  volume  in  100  parts. 

Ans.  Oxygen  20.98,  nitrogen  79.07. 

8.  One  cubic  metre  of  dry  air,  measured  under  normal  conditions, 
was  passed  over  ignited  copper-turnings.  How  much  must  the 
copper  have  increased  in  weight  ?  Ans.  299.9  grammes. 

4.  In  preparing  nitrogen  gas  by  [182],  what  volume  of  nitrogen 
is  obtained  for  every  litre  of  chlorine  used  ?         Ans.  |>  of  a  litre. 
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5.  What  weight  of  nitric  acid,  Sp.  Gr.  sss  1.47,  can  be  made  fiom 
170  kilos,  of  soda  nitre,  and  what  weight  of  sulphuric  acid  must  be 
used  in  the  process  ?  [135.] 

Ans.  1U6  kilos,  of  sulphuric  acid,  152.4  nitric  acid. 

6.  When,  in  the  preparation  of  nitric  acid,  two  molecules  of  nitre 
are  used  to  each  molecule  of  sulphuric  acid,  one  half  of  the  nitric 
acid  is  given  off*  with  great  readiness ;  but  to  obtain  the  second  half 
we  must  heat  the  materials  to  a  much  higher  temperature.  In  the 
first  stage  of  the  reaction  sodic  bisulphate  is  formed,  and  in  the 
second,  neutral  sodic  sulphate.    Write  the  two  suocessiye  reactions 

7.  How  much  sulphuric  acid  is  required  for  the  decomposition  of 
80S.S  grammes  of  potassic  nitrate  ?  Ans.  294  grammes. 

8.  Write  the  reaction  of  nitric  acid  on  sulphur,  assuming  that 
the  products  are  sulphuric  acid  and  nitric  oxide. 

9.  Write  the  reaction  of  nitric  acid  on  copper,  assuming  that  the 
products  are  cupric  nitrate  and  nitric  oxide. 

10.  How  much  nitric  acid  (5/7.  Gr,  1.228)  is  required  to  dissohe 
14.7  grammes  of  copper?  Ans.  107.6  graomies. 

11.  How  much  to  dissolve  16.7  grammes  cupric  oxide  ? 

Ans.  73.21  grammes. 

12.  A  quantity  of  plumbic  nitrate,  weighing  0.993  grammes,  yields 
on  ignition  0.669  gramme  of  plumbic  oxide.  By  another  determi- 
nation it  appears  that  1.324  grammes  of  the  same  salt,  ignited  in  a 
glass  tube  with  copper-turnings,  yield  89.34  c.  m.'  of  nitrogen. 
Deduce  the  percentage  composition  and  symbol  of  nitric  acid, 
assuming  that  the  composition  of  plumbic  oxide  and  the  atomic 
weight  of  lead,  oxygen,  and  nitrogen  are  known.  What  reason  have 
you  for  assuming  that  the  acid  molecule  contains  only  one  atom  of 
hydrogen  ? 

13.  Write  the  reaction  of  nitric  acid  on  phosphorus,  assuming 
that  phosphoric  acid  and  one  or  more  of  the  oxides  of  nitrogen  are 
the  products  of  the  reaction. 

14.  Write  the  reaction  of  nitric  acid  on  cotton.     (81.) 

15.  Illustrate  by  means  of  a  table  ttie  relations  of  the  Tarions 
acids  and  anhydrides  which  may  be  theoretically  derived  from 
orthonitric  acid. 

16.  In  nitric  acid  and  the  nitrates,  what  is  the  quantivalence  of 
nitrogen  ? 

1 7.  In  nitrous  acid  and  the  nitrites,  what  is  the  quantivalence  of 
nitrogen? 
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18.  niiiBtrate  hy  means  of  a  table  the  relations  of  the  various 
acids  and  anhydrides  which  may  be  theoretically  derived  from 
orthonitrous  acids. 

19.  Can  nitrite  ever  be  isomeric  with  a  nitrate  ?  What  is  the 
essential  difference  between  the  two  classes  of  compounds  ? 

20.  The  Qn  (Qix,  of  nitric  peroxide  vapor  referred  to  air  has 
been  found  to  be  1.72.  How  does  this  value  agree  with  the  number 
deduced  from  theory  ? 

21.  With  what  volumes  of  oxygen  gas  must  one  litre  of  nitric 
oxide  be  mixed,  to  prepare  respectively  nitrous  anhydride  and 
nitric  peroxide  ? 

22.  The  Sp.  Gr.  of  nitric  peroxide  would  seem  to  compel  us  to 
assign  to  the  compound  the  symbol  we  have  adopted,  and  the  same 
group  of  atoms  idso  constantly  acts  as  a  univalent  radical.  Can 
you  harmonize  these  facts  with  the  theory  of  (69)  ? 

23.  What  volume  of  oxygen  is  required  to  convert  8  grammes  of 
nitric  oxide  (in  presence  of  water)  into  nitric  acid  ? 

An  8.  1674.6  cTml* 

24.  Write  the  reaction  of  nitric  peroxide  on  calcic  hydrate. 

25.  In  the  preparation  of  nitric  oxide  by  [152],  wBy  should  you 
anticipate  that  nitrous  oxide,  or  even  nitrogen  gas  might  be  evolved, 
when  the  nitric  acid  was  nearly  exhausted  ? 

26.  Analyze  the  reaction  [152],  and  represent  the  two  stages  by 
separate  equations. 

27.  Analyze  the  reaction  [153],  and  determine  the  amounts  of  the 
different  factors  which  should  be  used  in  order  to  make  10  litres  of 
nitric  oxide  gas. 

28.  Write  the  reaction  when  ferrous  sulphate,  sulphuric  acid,  and 
nitre  are  heated  together. 

29.  The  gij.  ®r.  o£  nitric  oxide  referred  to  air  is  1.088.  How 
does  this  compare  with  the  theoretical  number  ? 

80.  When  sodium  is  heated  in  a  confined  quantity  of  iVO,  the 
▼olume  of  the  gas  is  reduced  to  one  half,  and  the  residue  is  found 
to  be  pure  nitrogen.  Assuming  that  the  Sp.  6r.  is  known,  show 
that  this  fact  proves  that  the  symbol  we  have  assigned  to  the  com- 
pound must  be  correct. 

81.  Analyze  reaction  [154],  and  show  in  what  it  differs  from  [183]. 

82.  What  weight  and  what  volume  of  nitrous  oxide  can  be  ob- 
tained from  240  grammes  of  ammonic  nitrate  ? 

Ans.  182  gramnnes,  or  66.9  litres. 
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83.  One  litre  of  nitric  oxide  gas  will  jield  hj  [150]  wkai  Tolvma 
of  nitrous  oxide  ?  Ans.  ^  litre. 

84.  Analyze  reaction  [156],  and  represent  the  two  stages  by  sep- 
arate equations. 

85.  What  evidence  is  given  that  nitrous  oxide  is  less  stable  than 
nitric  oxide  ? 

86.  When  sodium  is  heated  in  nitrous  oxide  no  change  of  volume 
results,  and  the  residue  is  pure  nitrogen.  The  Sp.  6r.  of  nitrous 
oxide  is  22.    Deduce  from  these  facts  the  symbol  of  the  compound. 

37.  What  volume  of  gas  would  a  litre  of  nitrous  oxide  yield  when 
decomposed  by  heat  ?  Ans.  1^  litres. 

38.  What  is  the  quantivalence  of  nitrogen  in  nitrous  oxide,  and 
what  in  nitric  oxide  ? 

39.  What  are  the  relations  of  the  oxychlorides  of  nitrogen  to  the 
oxides  ? 

40.  What  strong  reason  may  be  adduced  for  doubling  the  fimnuk 
of  nitric  oxydichloride  ?  Would  not  the  same  principle  require  ui 
to  double  the  symbols  of  two  of  the  oxides  ?  and  what  argument 
can  you  urge  in  favor  of  the  symbols  adopted  in  this  book  ? 

41.  What  is  the  specific  gravity  of  ammonia  gas  referred  to  air, 
and  referred  to  hydrogen  ?  Ans.  0.591,  and  8J^ 

42.  What  would  be  the  volume  of  8.0464  grammes  of  ammonia 
gas  at  278^.2  and  38  c.  m.  ?  Ana.  16  litras. 

48.  What  weight  of  ammonia  would  be  obtained  from  one  Ikrt 
q£NO  by  reaction  [160]  ?  Ans.  0.7614  grammes. 

44.  Ammonia  gas  may  also  be  formed  by  the  action  of  metallio 
zinc  (when  in  contact  with  platinum  or  iron)  on  a  mixture  of  a 
nitrate  with  a  solution  of  potash.     Write  the  reaction  [161]. 

45.  In  order  to  determine  the  amount  of  nitric  acid  present  in  a 
specimen  of  crude  soda  nitre,  1.000  gramme  was  treated  as  in  the 
last  reaction.  The  ammonia  evolved  was  conducted  into  a  solution 
of  hydrochloric  acid,  and  subsequently  precipitated  with  platinio 
chloride.  Thb  precipitate  weighed  2.1 01 7  grammes.  What  was  the 
per  cent  of  pure  soda  nitre  ?  Ans.  80%. 

46.  In  order  to  obtain  10  litres  of  ammonia  gas,  how  many 
grammes  of  sal  ammoniac  must  be  taken  ?  Ans.  28.96. 

47.  What  volume  of  nitrogen  would  be  formed  by  burning  one 
litre  of  ammonia  ?    Write  the  reaction.  Ana.  ^  litr«. 

48.  When  an  oiganio  mbstance  is  heated  with  soda  lime  (a  bub* 
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tare  of  caostio  soda  and  lime),  all  the  nitrogen  present  is  evolyed  as 
ammonia,  which  may  be  eolleoted  in  hydrochloric  acid  and  com- 
bined with  platinic  chloride  as  above.  In  a  given  determination 
the  weight  of  the  precipitate  thus  obtained  was  2.232  grammes. 
What  was  the  weight  of  nitrogen  in  the  compound  ? 

Ans.  0.140  gnunmes. 

49.  Deduce  from  the  results  of  the  eudiometric  experiments  de- 
scribed on  page  241  the  symbol  of  ammonia  gas.  Must  we  know 
the  specific  gravity  in  order  to  fix  the  formula  definitely  ? 

50.  Show  that  the  result  of  the  experiment  with  chlorine  gas 
confirms  the  formula  just  deduced. 

51.  Write  the  symbols  of  the  difi*erent  amines  according  to  the 
plan  of  (29). 

52.  The  amides  may  be  derived  firom  the  corresponding  acids 
tiirough  what  replacement  ? 

53.  After  what  two  types  may  the  symbols  of  the  amides  be 
written? 

54.  Write  the  s3rmbols  of  oxamic  and  succinamic  acids  after  the 
water  type. 

55.  Explain  the  meaning  of  the  terms  basic  and  alcoholic,  as 
applied  to  the  atoms  of  hy(kogen. 

56.  Write  the  symbols  of  the  two  laotamides  after  the  ammonia 
type. 

57.  How  may  the  imide  and  nitrile  compounds  be  regarded  as 
constituted  on  the  type  of  ammonia  ? 

58.  The  nitriles  (170)  may  be  regarded  as  cyanides  of  what 
radicals? 

59.  Why  should  you  anticipate  that  the  imide  compounds  would 
have  an  acid,  and  the  nitrile  compounds  a  basic  character? 

60.  Write  the  reactions  which  take  place  when  acetic,  benzoic, 
lactic,  and  oxalic  acids  combine  with  ammonia. 

61.  Write  the  reactions  corresponding  to  [174  and  175],  umng  the 
sodium  instead  of  the  ammonium  salts. 

62.  What  proof  do  you  have  that  ammonium  is  a  univalent  rad- 
ical? 

68.  What  per  cent  of  NH^  does  the  platinum  salt  contain  ? 

.64.  When  aqua  ammonia  is  added  to  a  solution  of  ferric  chloride, 
(Fe;^(\  ferric  hydrate,  (Fe;)Ho^,  is  precipitated.     Write  the  re- 
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65.  Write  two  reactioDB  in  which  aqua  ammonia  acts  like  a  aoln- 
tion  of  caustic  soda,  and  two  others  in  which  it  does  not. 

66.  Write  the  reaction  which  takes  place  when  a  mixture  of  am- 
monic  chloride  with  calcic  carbonate  is  sublimed. 

67.  Write  the  reaction  by  which  the  sublimed  carbonate  when 
exposed  to  the  air  changes  to  the  acid  carbonate. 

68.  When  a  solution  of  ammonic  chloride  is  boiled  with  a  solution 
of  caustic  soda,  ammonia  gas  is  evolved.    Write  the  reaction. 

69.  Write  the  symbols  of  the  compounds  formed  by  the  onion  of 
the  amines  described  in  (167),  both  with  hydrochloric  acid  and  with 
water. 

70.  Write  the  symbol  of  the  ammonium  base  which  contuns  the 
radicals  phenyl,  C^H^,  amyl,  tj^^,  ethyl,  C^fl^,  and  methyl,  CH^ 

71.  Show  what  different  compounds  may  be  formed  by  the  dehy- 
dration of  the  acetate,  lactate,  and  oxalate  of  ammonia. 

Phosphorus. 

72.  The  Sp.  Gr.  of  phosphorus  vapor  has  been  observed  to  be 
63.8,  and  according  to  Deville  no  material  change  is  effected  by  a 
temperature  of  1,040°.  Moreover,  the  specific  gravities  of  the  var 
pors  of  the  following  compounds  have  been  determined,  and  also 
the  per  cent  of  phosphorus  which  they  contain. 

a»  n.  Per  cent  of 

»p.  UP.  Phosphonii, 

Phosphuretted  Hydrogen,  17.1  91.18 

Phosphorous  Chloride,  68.4  22.55 

Phosphoric  Oxychloride,  76.6  20.19 

Given  these  results  of  observation,  show  how  the  atomic  weight  of 
phosphorus  and  the  molecular  constitution  of  the  elementary  sub- 
stance may  be  determined. 

78.  The  atomic  weight  of  phosphorus,  now  received,  was  found 
by  burning  a  known  weight  of  red  phosphorus  in  perfectly  dry  air, 
and  weighing  tht;  phosphoric  anhydride  thus  formed.  Assuming 
that  one  ^amme  of  phojiphonis  yields  2.2908  grammes  of  phosphoric 
anhydride,  what  muKt  be  the  atomic  weight  of  phosphorus  ?  How 
far  does  this  experiment  modify  the  conclusion  reached  in  the  last 
problem  ? 

74.  How  much  phosphorus  can  be  obtained  from  9.3  kilos,  of  pure 
calcic  phosphate  by  [179]  ?  Ans.  1.24  kilos. 

75.  Can  jrou  discover  any  connection  between  the  difference  of 
specific  heat  of  the  two  varieties  of  phosphorus,  and  the  difference 


QUESTIONS  AKD  PBOBLEMS  285 

of  ealorifie  po>wer  ?    Does  die  fint  difference  whoU j  ezpUin  Uie 


0 


76.  Sbow  that  ortho-  and  meta^ihosphoric  acid  maj  be  deriTed 
fitm  tbe  aaBomed  pentatomic  acid  bj  socoeflBive  dehydration,  and 
make  a  table  which  shall  exhibit  the  different  poftdble  derivatiTes 
of  this  compound. 

77.  Taking  orthophosphoric  acid  as  the  starting-point,  in  place  of 
the  •— n***^  pentatomic  acid,  show  how  the  different  varieties  of 
phosphoric  acid  maj  be  deduced. 

78.  What  is  the  basicity  of  phosphorous  and  hjpophosphorovM 
acich  ?  and  what  is  the  qnantivalence  of  phosphonis  in  these  com* 
poonds? 

79.  When  either  phosphorous  or  hjpophosphoroas  acids  are  heat- 
ed, thej  break  op  into  orthophosphoric  acid  and  PU^  Write  the 
reaction  in  each  case. 

SO.  Compare  together  the  nitrates  and  phosphates  of  the  oniya- 
lent  and  bivalent  metallic  radicals. 

81.  Write  the  reaction  of  a  solution  of  aigentic  nitrate  on  a 
tohuion  of  coomion  sodic  phosphate,  and  show  why,  after  precipita- 
tioD,  the  solution  most  be  acid. 

82.  Write  the  reaction  which  takes  place  when  common  sodio 
phosphate  is  heated  to  redness. 

8S.  Write  the  reaction  of  a  solution  of  argentic  nitrate  on  a  solu- 
tion of  sodic  pyrophgpphate.  If  the  first  salt  is  used  in  excess,  whj 
most  the  solution  after  the  precipitation  be  neutral  ? 

84.  Pyrophosphoric  acid  may  be  prepared  by  first  adding  plum- 
bic acetate  to  a  solution  of  sodic  pyrophosphate,  when  plumbic 
pyrophosphate  is  precipitated,  and  then  decomposing  this  precipi- 
tate suspended  in  water  with  H^S.  The  solution  thus  obtained 
evaporated  in  vacuo  gives  crystals  of  the  compound.  Write  the 
reactions.  Why  may  not  the  solution  be  evaporated  by  heat  in  the 
woal  way? 

85.  Write  the  reaction  which  takes  place  when  PH^  bums. 

86.  Write  the  symbols  of  Trimetbyl-pbosphine ;  Tetramethyl- 
pho^ihonium  Hydrate ;  Trimethyl-amyl-phosphonium  Iodide. 

87.  Write  the  symbols  of  the  pUtinum  and  gold  salts  of  tetra- 
eUiyl-phosphonium.     (136)  (147). 

88.  Write  the  symbols  of  Triethyl-phosphine  Oxide  and  Triethyl- 
pbosphine  Iodide.  How  does  the  last  differ  from  Trietbylphospho- 
aimn  Iodide? 
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89.  Ex{dain  the  use  of  PCl^  aa  a  reagent,  and  give  illnatrmlioiia 

of  its  peculiar  action. 

90.  Can  joa  devise  a  method  by  wfaioh  the  reaction  [188]  maj 
be  applied  in  the  preparation  of  phosphorous  acid  ? 

91.  Does  the  reaction  [186]  throw  any  light  on  the  constitotioQ 
of  phosphoric  acid  ? 

92.  What  different  degrees  of  qaantivalence  does  phoaphorui 
manifest  in  the  compounds  described  above  ?  Point  out  the  ex- 
amples of  each  condition. 

93.  Make  a  summary  of  die  resemblances  and  difierencea  bo> 
tween  the  compounds  of  nitrogen  and  those  of  phosphorus. 

Arsenic, 

94.  Represent  by  graphic  symbols  the  constitutioii  of  Mispickaly 
and  show  how  it  is  possible  that  the  double  atom  of  sulphur  should 
replace  the  double  atom  of  arsenic. 

95.  What  should  be  theoretically  the  specific  gravity  of  arsenic 
vapor  referred  to  air  ?  Ana.  10.4. 


96.  Compare  together  the  formulsB  of  nitrons  and  araenions 
and  point  out  their  relations  to  each  other.    la  phoephorous  acid 
allied  to  the  other  two  ? 

97.  Write  the  reactions  by  which  cnpric  and  aigentic  anenttea 

are  formed. 

* 

98.  Write  the  symbols  of  the  three  hydrates  of  arsenic  acid,  and 
give  their  names,  following  the  analogy  of  phosphoric  acid. 

99.  If  the  arseniates  [190]  are  heated  nntil  all  the  water  la 
expelled,  what  will  be  the  symbols  of  the  compounds  left  ? 

100.  Write  the  reaction  of  argentic  nitrate  on  a  solution  of  either 
of  the  compounds.     [190.] 

101.  Write  the  reaction  of  a  solution  of  magnesic  sulphate  and 
ammonia  on  a  solution  of  either  of  the  compounds.    [190.] 

102.  State  the  differences  between  phosphoric  and  arsenic  acida. 

103.  Write  the  reaction  which  takes  place  when  H^s  hara^ 
both  with  a  sufficient  and  widi  a  limited  supply  of  oxygen. 

104.  How  may  the  reactions  described  in  (197)  be  used  to  detect 
the  preaence  of  arsenic  in  a  suspected  liquid  ? 

105.  How  could  you  discover  the  presence  of  the  araenic  waA 
formed  bv  reaction  [193]  ? 
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106.  Sute  the  resembluicM  and  differences  between  tbe  ^"^infn, 
the  phoaphiDCS,  and  the  anines. 

107.  la  Uie  qasntivalence  of  anenic  the  *Mae  in  all  the  cocn- 
pounda  of  kkkod}! ? 

lOB.  In  what  reepecia  doea  kakodjrl  rewmble,  and  in  what  doM 
it  differ  from,  the  coirecponding  compound  of  phcMphonu  7 

109.  Does  the  relation  of  arsenio  to  chlorine  differ  materially 
ftooi  the  relation  of  phoiphorai  to  the  same  element  'I 

no.  Write  the  reaction  of  i/,S  on  a  (olation  of  .^^0,  in  dilate 
bjdnKhloric  acid- 
Ill.  Analyze  the  reactions  [195]  and  [196],  and  give  the  names 
of  the  products  which  are  formed. 

113.  What  would  be  the  chemical  names  of  the  minerals  Prons- 
tite  and  Enai^te,  and  what  are  the  corresponding  oxj'gen  com- 
pounds ?    Define  the  claas  of  ctanpouodi  to  which  these  minerals 


Aniinumy, 

lis.  Why  is  tbe  molecnlar  weight  of  antimony  doubtful? 

114.  Theoretically,  what  weight  of  metallic  antimony  should  be 
obtained  from  1,030  kiloe.  of  antimony  glance?       Ans.  73!  kilos. 

Xli.  The  most  common  impurities  of  commercial  antimony  are 
■nenic,  iron,  copper,  and  lead.  Why  should  the  procesa  described 
(S06)  tend  to  remove  these  lubstancea  7 

lis.  Write  the  reaction  when  antimony  bnms. 

117.  Write  tbe  reaction  of  nitric  acid  <m  antjmony,  omuning 
that  the  prodncts  are  56,0,  and  NO. 

118.  Write  the  reaction  of  hydrochloric  acid  on  Sb^S,.  What 
will  prevent  the  resulting  solution  from  becoming  turbid  when 
Duxed  with  water  1 

119.  What  should  be  theoretically  the  Sp.  Gr.  of  SbCl,  T 

ISO.  Why  is  it  probable  that  the  doable  chlorides  (207)  are 
molecular  componnds  7 

IJl.  When  SbCl,  is  mixed  with  strong  HCl  -f-  Aq,  what  com- 
poond  would  analogy  lead  us  to  suppose  is  formed  in  the  solution  7 

IM.  Write  ttie  reaction  of  chlorine  gas  (In  excess)  tn  antiinony 
taioaSbClr 

1S8.  Write  the  nactioa  of  water  cm  SiBr,  nd  SU, 
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124.  Write  the  reactions  when  Sb/)^  dusolves  In  HCl-j-Aq  and 
H^SO^.     [202.] 

125.  Write  the  reaction  when  Sb^O^  diaBolves  in  cream  of  tartar. 

126.  Write  the  reaction  when  tartar  emetic  is  heated  to  200^. 

127.  Write  the  symbols  of  the  compoonds  formed  by  dissolving 
As^Op  Asfi^y  or  Bifi^  in  cream  of  tartar. 

128.  Write  the  symbols  of  the  compoonds  of  the  same  daa 
derived  from  Fe,0,,  Crfi^  and  ^,0,,  assuming  that  the  radicals 
Fefi^y  Cr^O^,  and  BO  replace  the  SbO  of  tartar  emetic. 

129.  Write  the  reaction  when  to  a  solution  of  tartar  emetic  is 
added  a  solution  of  calcic  chloride,  knowing  that  the  corresponding 
lime  compound,  being  insoluble,  is  precipitated.  Calcium,  it  most 
be  remembered,  takes  the  place  of  two  atoms  of  potassium. 

130.  Write  the  symbol  of  diaceto-diethylic  tartrate. 

131.  State  the  grounds  for  the  distinction  between  the  three  aeli 
of  hydrogen  atoms  which  tartaric  acid  contains.  By  what  names 
do  you  distinguish  the  difierent  sets  of  atoms,  and  what  other  ex- 
amples have  been  studied  in  which  a  similar  distinction  has  beea 
made? 

132.  What  b  the  name  of  the  compound  H^,Kj^O^Sbfi^^ 
Write  the  reaction  of  a  solution  of  this  reagent  upon  a  solatioa 
otNaCL 

133.  On  boiling  its  solution,  the  acid  potassic  pyroantimoniate 
changes  into  a  metantimoniate  which  does  not  precipitate  soda. 
Write  the  reaction. 

134.  Write  the  reaction  of  {HCl-\-Aq)  on  Zn^Sh^  assuming 
that  the  product  is  HJSh, 

135.  Write  the  symbols  of  the  ethyl  and  amyl  compounds  of 
antimony,  following  the  analogy  of  the  methyl  compounds  whose 
symbols  are  given. 

186.  Write  the  reaction  of  triethyl-stibine  on  hydrochloric  acid. 

137.  Represent  by  graphic  symbols  the  constitution  of  Zn^Sb^ 
and  Zn^Sh^^  and  give  the  symbols  of  other  compounds  formed  after 
the  same  type. 

» 

138.  Write  the  reaction  when  antlmonious  oxide  and  snlphm*  are 
melted  together. 

189.  Write  the  reaction  when  H^S  is  passed  through  a  solution  of 
tartar  emetic. 

140.  Analyze  reactions  [221],  [222],  and  [223],  and  name  the 
elisssi  of  compounds  to  which  the  several  producti  beloog. 
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141.  Show  by  symbolB  the  relations  of  the  assumed  sulphur  acids 
to  which  the  several  sulphantimonites  are  referred. 

142.  Explain  the  distinction  between  a  chemical  compound  and 
a  molecular  aggregate.  What  different  orders  of  combination  do 
the  facts  and  the  atomic  theory  require  of  us  to  assume  in  such  a 
mineral  as  Tetrahedrite  ? 

143.  How  are  the  phenomena  of  isomorphous  substitution  in  the 
mineral  kingdom  to  be  explained  in  harmony  with  the  atomic 
theory? 

144.  Write  the  reaction  of  H^S  on  a  solution  of  SbCl^, 

145.  Write  the  reaction  of  hydrochloric  acid  on  the  precipitate 
obtained  by  the  last  reaction. 

BismiUh. 

146.  Represent  by  graphic  symbols  the  constitution  of  Bismuth 
Glance,  and  Tetradymite. 

147.  Compare  the  qualities  of  metallic  bismuth  -with  those  of  the 
other  elementary  substances  belonging  to  the  same  series,  consider- 
ing especially  the  crystalline  form  and  the  specific  gravity. 

148.  Write  the  reaction  of  nitric  acid  on  bismuth,  and  compare 
this  reaction  with  that  of  nitric  acid  on  antimony. 

149.  Write  the  reaction  of  aqua-regia  on  bismuth. 

150.  Compare  the  compounds  of  the  alcohol  radicals  with  thft 
different  members  of  the  nitrogen  series  of  elements,  and  present 
the  subject  in  a  written  form. 

151.  Write  the  different  reactions  by  which  BiCl^  may  be  formed^ 

152.  Write  the  reaction  of  water  on  BiCl^  and  the  reaction 
when  a  solution  of  bismuthous  nitrate  is  poured  into  a  solution  of 
common  salt. 

158.  Why  does  the  presence  of  a  large  amount  of  ZT^iVC?  prevent 
a  solution  of  BiCl^  from  becoming  turbid  when  mixed  with  water  ? 

154.  Compare  BiCl^  with  the  corresponding  chlorides  of  the  same 
series.  What  inference  do  you  draw  from  the  fact  that  the  com* 
pound  BiCl^  has  not  been  obtained  ?  Have  any  other  facts  been 
mentioned  pointing  to  the  same  conclusion  ?  What  is  the  evidence 
that  bismuth  is  ever  quinquivalent  ? 

155.  Write  the  reaction  when  bismuth  bums,  or  is  more  slowly 
oxidized. 

156b  Write  the  reaction  when  bismuthous  nitrate  is  heated  to  a 

13  ft 
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low  red  heat.    Why  in  this  process  is  it  important  to  avdid  a  higher 
temperature  ? 

157.  Write  the  reaction  when  a  solution  of  bismuthons  nitrate 
(in  dilute  nitric  acid)  is  poured  into  a  solution  of  potassic  hydrate. 

158.  Write  the  reactions  when  bismuthous  oxide  dissdves  in 
hydrochloric,,  nitric,  or  sulphuric  acid. 

159.  Compare  the  oxides  and  hydrates  of  the  elements  of  tlie 
nitrogen  series,  and,  by  tabulating  their  symbols,  show  that  their 
molecular  constitution  is  analogous.  Trace  also  the  variation  in 
their  properties  as  you  descend  in  the  series. 

160.  Write  the  reaction  of  water  on  bismuthous  nitrate,  assDin* 
ing  that  the  basic  salt  whose  symbol  is  given  above,  together  with 
free  nitric  acid,  are  the  resulting  products. 

161.  If  Bi^S^  and  Sb^S^  are  precipitated  together,  how  may  the 
two  be  separated  ? 

162.  Write  the  reaction  when  Bi^^  is  rossted  in  a  current  of  air. 

163.  To  which  of  the  three  classes  of  salts,  distinguished  on  page 
278,  must  the  several  sulpho-bismuthites  be  referred  V 

164.  Compare  the  sulpho-salts  of  bismuth,  antimony,  and  aneaio^ 
and  point  out  their  mutual  relations. 


IHvmon  IX. 

225.  VANADIUM.  r=  51.21.  — Trivalent  and  quinqni- 
valenL  A  very  rare  element,  discovered  in  1830  in  the  iroo 
ores  of  Taberg  in  Sweden.  It  has  since  been  found  associated 
with  the  iron  and  uranium  ores  of  other  localities,  and  more 
recently  it  has  been  found  in  considerable  quantities  in  certain 
remarkable  metalliferous  sandstone  beds  occurring  in  the  county 
of  Cheshire  in  England.  Vanadium  is  also  the  essential  con- 
stituent of  a  few  very  rare  minerals.  Of  these  the  most  impor- 
tant is  Vanadinite,  which  is  a  vanadate  of  lead,  and  so  closely 
resembles  the  native  phosphate  and  arseuiate  of  the  same  metal 
as  to  leave  no  doubt  that  all  three  have  a  similar  molecular  con- 
stitution, and  hence  that  vanadium  is  a  perissad  element  like 
phosphorus  and  arsenic.  Thus  we  have  the  following  mineral^ 
which  are  all  isomorphous  with  each  other :  — 

Apatite  (  Ca^F)  u  O^PO)^ 

Pyromorphite  (Pb^  CI)  i«  ^»«(^0)» 
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Mimetine  (PJ,  CU)  ^  Ogi^C^*  ©)» 

Vanadinite  \Pb^OI)^0^\^l  VO)^ 

The  study  of  the  other  compounds  of  vanadium  leads  to  the 
same  conclusion,  and  shows  that  the  same  character  already  no- 
ticed in  Bismuth  and  Antimony  is  developed  in  this  element  to 
a  still  higher  degree.  The  lowest  oxide  of  vanadium,  VOy  is  a 
powerful  univalent  or  trivalent  radical,  and  combines  with  chlo- 
rine or  replaces  hydrogen  like  an  elementary  substance,  and 
almost  all  of  the  compounds  of  the  element,  formerly  known, 
and  which  can  be  directly  prepared  from  the  native  vanadates, 
are  compounds  of  this  radical,  now  called  vanadyl,  but  which 
was  for  a  long  time  mistaken  for  the  element  itself.  We  have, 
for  example,  (  VO)  Cl^  a  yellow  fuming  volatile  liquid  boiling 
at  126^7  with  Sp.  Gr,  =  lM  and  Sp.  Gr.  =  88.2,  also 
(  VO)  Cl^  in  brilliant  green  tubular  crystals,  next  (  VO)  CI,  a 
light  brown  powder,  and  lastly,  {VO)^Cly  a  brownish  yellow 
powder  resembling  mosaic  gold.  The  true  chlorides  of  vana- 
dium can  only  be  prepared  from  the  metal  or  its  nitride,  and 
the  air  must  be  carefully  excluded  during  the  process.  The 
following  have  been  recently  described  by  Roscoe:  VCl^  a 
bright  apple  green,  solid  in  hexagonal  plates,  with  a  micacious 
lustre ;  VCl^,  in  brilliant  tubular  crystals  with  color  of  peach 
blossoms ;  and  VCl^,  a  dark  reddish-brown  volatile  liquid,  boil- 
ing at  154%  with  Sp.  Gr.  at  0°=  1.858  and  Sp.  Gr.  =  93.3. 
Boscoe  was  unable  to  obtain  the  pentad  compound. 

The  oxides  of  vanadium  are,  —  first,  ViO^ov  VO'VO,  ob- 
tained as  a  gray  metallic  powder  when  the  vapor  of  VOC^ 
mixed  with  hydrogen  is  passed  over  red-hot  carbon.  It  dis- 
solves in  dilute  acids  with  the  evolution  of  hydrogen,  and  can- 
not be  deprived  of  its  oxygen  except  with  the  greatest  difficulty. 
Secondly,  P^Oj,  obtained  as  a  black  powder  when  V^O^  is  re- 
duced by  hydrogen  at  a  red  heat.  It  is  insoluble  in  acids. 
Thirdly,  V^Oi,  obtained  in  the  form  of  blue  shining  crystals  by 
allowing  V^O^  to  absorb  oxygen  from  the  air.  Fourthly,  V^O^, 
vanadic  anhydride,  a  brownish-red  crystalline  solid,  fusible  at  a 
red  heat,  and  sparingly  soluble  in  water.  The  solution  has  a 
yellow  color,  and  is  strongly  acid  ;  but  no  definite  hydrate  has 
been  described.  Vanadic  anhydride  dissolves  in  concentrated 
sulphuric  add  when  boiling,  giving  a  dark  red  solution.  K 
this  is  diluted  with  fifly  times  its  volume  of  water,  and  heated 
with  metallic  zinc,  it  rapidly  changes  colori  passing  through  all' 
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shades  of  blue  and  green  until  it  attains  a  permanent  lavender 
tint  To  each  of  these  shades  corresponds  a  certain  degree  of 
oxidation  of  the  dissolved  vanadium,  thus  bright  blue  to  V^O^ 
green  to  V^O^  and  lavender  to  ¥^0^;  and  by  using  less  active 
reducing  agents  the  change  may  be  arrested  at  any  desired 
point  The  lavender  solution  absorbs  oxygen  with  such  avidity 
as  **  to  bleach  indigo  and  other  vegetable  coloring  matters  as 
quickly  as  chlorine,  and  far  more  powerfully  than  any  other 
known  agent." 

From  vanadic  anhydride  we  derive  the  vanadates,  of  whidi 
there  appear  to  be  three  classes  corresponding  to  the  phosphates. 

1.  Metavanadates  as  in  NJIfO^  VO^  ^  Pb^Oi^i  FO^r 


2.  Pyrovanadates  as  in  NafO^  V^Os  or  Pb^f(  ^Mr 

Dwdolsils. 

8.  Orthovanadates  as  in  Na^O^VO .  16/^0  or  CW^Oi^{  VO), 

Of  these  salts  the  metavanadates  are  the  most  and  the  ortho- 
vanadates the  least  stable,  the  reverse  of  what  is  true  in  the 
case  of  the  phosphates. 

There  are  two  nitrides  of  vanadium,  VN  and  FjS^  The 
first  is  a  black  powder  obtained  by  acting  on  (  VO)  C(^  with  dry 
i\r^.  Its  composition  has  been  determined  by  analysis,  and  it 
is  interesting  not  only  as  fixing  the  atomic  weight  of  the  metal, 
but  also  as  the  starting-point  from  which  the  true  chlorides 
of  vanadium,  and  the  metal  itself,  have  been  reached. 

Metallic  vanadium  has  been  obtained  by  reducing  FC?,  with 
hydrogen.  It  is  a  light  whitish-gray  powder,  which  under  the 
microscope  appears  as  a  brilliant  crystalline  metallic  mass  with 
a  silver-white  lustre.  This  metallic  powder  has  a  ^S^.  Gr,  == 
5.5,  and  is  not  magnetic.  It  does  not  volatilize  or  fuse  when 
heated  to  redness  in  an  atmosphere  of  hydrogen.  It  does  not 
tarnish  in  the  air  or  decompose  water  at  the  ordinary  tempera- 
tures,  but  when  thrown  into  a  flame  it  bums  with  brilliant  scin- 
tillations. It  does  not  dissolve  in  hydrochloric  acid  hot  or  cold, 
and  only  slowly  in  hot  sulphuric  acid,  but  nitric  acid  of  all 
strengths  attacks  it  with  violence.  It  is  not  acted  upon  by 
solutions  of  the  caustic  alkalies,  but  when  fused  with  sodio 
hydrate  hydrogen  gas  is  evolved  and  a  vanadate  fi>rmed.  B 
unites  directly  with  chlorine  gas  to  form  VC!^^  and  with  nitro- 
gen gas  to  form  VJSff  and  it  is  capable  of  absorbing  as  much  as 
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1.3  per  cent  of  hydrogen  gas.  It  attacks  all  glass  and  porce- 
lain in  which  it  is  heated,  a  compound  of  silicon  and  the  metal 
being  formed.  It  yields  also  an  alloy  with  platinum,  and  for 
these  reasons,  as  well  as  on  account  of  its  very  great  avidity 
(when  heated)  for  both  oxygen  and  nitrogen,  it  has  been  one  of 
the  most  difficult  of  all  the  elements  to  isolate. 


Division  X. 

226.  URANIUM.  U=  120.  — One  of  the  rarer  element^ 
Always  found  in  nature  combined  with  oxygen,  chiefly  in 
Pitchblende,  which  is  essentially  the  compound  U^O^^  and  in 
a  rare  mineral  called  Uranite.  Of  the  last  there  are  two  vari- 
eties: the  first  is  a  phosphate  of  uranium  and  calcium,  and 
the  second  a  phosphate  of  uranium  and  copper. 

Ca,(UO)JOJ{PO)i.Sff,0   or  Cu,(UO),W,t{PO)^.SIIiO. 

In  many  of  its  chemical  characteristics,  uranium  very  closely 
resembles  vanadium.     Like  the  last  element,  it  forms  an  oxide, 

UOf  which  acts  as  a  univalent  radical,  replacing  hydrogen  and 
combining  directly  with  chlorine;  and  all  the  most  important 
stable  and  characteristic  compounds  of  uranium  may  be  re- 
garded as  compounds  of  this  radical      Moreover,  C^Og,  like 

V^Of,  cannot  be  decomposed  by  the  ordinary  reducing  agents, 
and  was  formerly  mistaken  for  the  metal  itself.  Uranyl  acts 
both  as  a  basic  and  as  an  acid  radical.  Of  the  uranyl  com- 
pounds, the  most  important,  besides  the  native  pho.-^phates  al- 
ready mentioned,  are  Uranyl  Chloride,  (  UO)  CI,  Uranyl  Fluor- 
ide, (  UO)F,  Uranyl  Hydrate,  ( UO)-0'H  (a  yellow  powder), 
Uranyl  Nitrate,  {UOyO'NO^.ZH^O  (a  beautiful  yellow  salt, 
crystallizing  in  long  striated  prisms),  and  Uranyl-potassic  Sul- 
phate, K,{UO)''02'S02- H2O;  and  to  these  may  be  added  a 
Dumber  of  remarkable  double  salts,  which  may  be  formed  by 
the  union  both  of  the  chloride  and  the  fluoride  of  uranyl  with 
the  chlorides  or  fluorides  of  the  metals,  of  the  alkalies,  or  earths. 
Indeed,  these  double  salts  are  a  characteristic  feature  of  ura- 
nium, and  one  which  becomes  still  more  marked  in  the  next 
element,  Columbium. 
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If  to  a  eolation  of  a  Qranyl  salt  we  add  ammonia,  or  the  so- 
lution of  any  other  alkali  or  earth,  we  obtain  a  yellow  precipi- 
tate. This  is  not,  however,  as  might  have  been  expected,  the 
hydrate  of  uranyl,  but  a  compound  of  the  radical  with  the  alkali, 
in  which  uranyl  acts  as  an  acid  radical.  The  constitotioQ  of 
these  compounds  is  not  well  understood,  but  they  are  probably 
mixtures  of  uranyl  hydrate  with  a  compound  of  the  form 
R'0-{  UO).  The  so-caUed  yeUow  uranium  oxide  of  commeroe 
is  a  hydrate  thus  prepared^  retaining  about  two  per  cent  of  am- 
monia. All  these  uranyl  compounds  have  a  yellow  color,  and 
the  yellow  oxide  b  used  to  communicate  a  beautiful  and  pecu- 
liar yellow  to  glass.  Glass  thus  colored,  and  the  transparent 
uranyl  salts,  are  to  a  high  degree  fluorescent. 

Judging  from  the  uranyl  compounds  alone,  we  should  con- 
clude that  uranium  was  a  perissad  closely  allied  to  vanadium 
and  the  nitrogen  group  of  elements ;  but  there  are  other  com- 
pounds of  uranium  which  do  not  readily  conform  to  this  theory. 
Thus  we  have  a  chloride,  UCl^  and  a  series  of  uranou$  salts 
(all  having  a  green  color),  in  which  one  atom  of  the  metal  ap- 
pears to  combine  with  two  atoms  of  chlorine,  or  to  replace  two 
atoms  of  hydrogen.  These  would  seem,  on  the  other  hand,  to 
indicate  that  uranium  was  an  artiad  element  allied  to  iron ;  and 
the  important  fact  that  the  native  oxide,  U^O^  is  isommphoos 
with  the  magnetic  oxide  of  iron  sustains  this  view.  Uranium 
thus  appears  to  stand  between  the  nitrogen  group  of  elements 
of  the  perissad  family  and  the  iron  group  of  the  artiad  family. 
It  belongs  in  a  measure  to  both,  and  its  compounds  may  be  in- 
terpreted according  to  the  one  or  the  other  plan  of  molecular 
grouping.  In  classing  it  with  the  perissads  we  merely  foUow 
what  appear  to  be  its  normal  relations ;  but  others  may  reason- 
ably entertain  a  different  view,  and  further  investigation  is  re- 
quired to  determine  its  quantivalence.  Uranium  thus  illustrates 
very  forcibly  the  remarks  already  made  on  chemical  cUissifi- 
cation.     (103.) 

Of  metallic  uranium  but  little  is  known.  It  has  been  ob- 
tained by  decomposing  the  chloride  UC!<i  with  potassium,  and 
appears  to  be  a  steel-white  metal  {Sp.  Gr,  =  18.4),  which  is 
slightly  malleable,  and  not  readily  oxidized  by  atmospheric 
agents.  If  heated,  however,  it  bums  in  the  air,  and  dissolves 
in  dilute  acids  with  the  evolution  of  hydrogen.     The  compounds 
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of  uranium  have  found  but  few  applications  in  the  arts.  The 
**  yellow  oxide "  ia  used,  as  already  stated,  for  coloring  glass, 
and  the  so-called  black  oxide  (C^O^),  obtained  by  igniting  the 
nitrate,  is  employed  as  a  black  pigment  in  painting  on  porcelain. 
The  nitrate,  which  is  the  most  common  soluble  salt,  has  been 
ihoaght  to  have  some  valuable  qualities  in  photography. 


Qttestians  and  ProhUms, 

1.  State  the  grounds  on  which  the  conclusion  in  regard  to  the 
atomicity  of  vanadium  is  based,  and  represent  by  •  graphic  symbol 
the  constitution  of  V  anadinite. 

2.  How  does  the  Sp.  Gr.  of  the  vapor  of  vanadic  oxytrichloride 
compare  with  the  theoretical  value  ? 

8.  It  has  been  shown  by  careful  analysis  that  the  above  chloride 
contains  61.276  per  cent  of  chlorine.  What  is  the  atomic  weight 
of  vanadyl,  and  what  that  of  vanadium?    Ans.  67.29,  and  51.29. 

4.  In  order  to  determine  the  atomic  weight  of  vanadium  from 
vanadic  anhydride,  Boscoe  reduced  VtO^  by  hydrogen  to  vanadic 
oxide,  Vfi^    Four  experiments  gave  the  following  results :  — 

Wdght  of  V,  0^  used.  Wdght  of  V,  O,  obtained. 
iBt,                         7.7397  grammes,  6.3827  grammes. 

2d,  6  5819        "  5.4296         " 

«d,      ,  6.1895         "  4.2819         " 

4th,  5.0450         "  4.1614         " 

Deduce  the  atomic  weight  of  vanadium. 

5.  Berzelius  assigned  to  Vanadic  Anhydride  the  symbol  FO,,  and 
to  Vanadyl  Chloride  the  symbol  TC/,.  On  this  hypothesis  he  found 
for  the  atomic  weight  of  vanadium,  by  the  method  of  the  last  prob- 
lem, the  value  137  (when  0=—  16),  which  would  be  reduced  to 
134.74  by  the  more  accurate  determinations  of  Roscoe.  State  the 
reasons  for  beheving  that  the  true  atomic  weip^ht  of  the  element  is 
51.21,  and  that  the  compounds  have  the  symbols  assigned  to  them 
above.  Show  how  far  these  conclusions  have  been  proved,  and 
point  out  the  cause  of  the  former  error. 

6.  State  the  grounds  for  classing  uranium  with  vanadium,  as  well 
as  the  reasons  which  might  be  urged  for  associating  it  with  iron,  and 
write  the  rational  symbols  of  the  uranium  compounds  on  the  as- 
sumption that  this  element  is  an  artiad. 
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Division 

227.  COLUMBIUM  (Xiobium).  CT  =  94.  —  Pentad. 
This  element  forms  the  acid  radical  of  Pyrochlore,  Columbite, 
Samarskite,  Euxenite,  Aeschjnite,  Fergusonite,  and  a  few 
other  rare  minerals.  They  are  all  compounds  of  columbic 
anhydride,  Cb^O^,  with  various  metallic  oxides,  —  among 
which  those  of  cerium,  yttrium,  and  their  associated  elements 
are  especially  to  be  distinguished.  The  oolumbium,  however, 
is  almost  invariably  replaced  to  a  greater  or  less  extent  by  tan- 
talum. Columbite,  the  most  abundant  of  these  minerals^  has 
the  symlwl  \^Fe,Ma'] = Oj,={[  C6,  To]  0^)^  It  has  a  black  color,  a 
submetallic  lustre,  and  a  specific  gravity  from  5.4  to  6.5,  in- 
creasing as  the  proportion  of  tantalum  increases.  When  finely 
powdered  it  is  easily  decomposed  by  fusion  with  potassic  bisul- 
phate,  and  on  subsequently  boiling  the  fused  mass  with  water 
a  white  insoluble  residue  is  obtained,  which  consists  chiefly  of 
Cb^Os.  and  from  this  the  different  compounds  of  oolumbium 
may  be  prepared.  Of  these  the  most  characteristic  are  the 
following:  — 

228.  Columbic  Aiiftt/dride.  Cb^  Oy  —  A  white  powder,  which 
becomes  crystalline  when  heated,  and  is  afterwards  insoluble  in 
all  acids.  It  has  a  Sp.  Gr,  between  4.37  and  4.53.  Before 
ignition,  and  when  in  condition  of  hydrate  (Columbic  Acid?), 
it  dissolves  in  strong  sulphuric  and  in  hydrofluoric  acids.  After 
boiling  with  strong  hydrochloric  acid,  in  which  it  is  nearly  in- 
soluble, the  product  dissolves  in  water,  and  the  solution  treated 
with  zinc  turns  blue  and  finally  deposits  a  blue-colored  oxide. 
When  a  largo  excess  of  hydrochloric  acid  is  present,  the  solu- 
tion d('{H)sits  a  brown  oxide  under  the  same  conditions ;  but  the 
constitution  of  neither  of  these  compounds  is  as  yet  known.  It 
has  Ix'cn  stated  that  oxides  having  the  composition  Cb^O^  and 
Cb^O^  have  also  been  obtained.  Columbic  acid  forms  salts 
called  columbates,  and,  besides  the  native  compounds  mentioned 
above,  we  are  acquainted  with  several  potassic  columbates, 
three  of  which  have  been  obtained  in  well-defined  crystals,  but 
they  have  a  very  complex  constitution. 

220.    Cofumbic   Chloride.     CbCly  —  A   yellow    crystalline 
^lid,  melting  at  194%  and  boiling  at  24 1^     It  has  been  found 
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bj  analysis  to  contain  65.28  per  cent  of  chlorine,  and  the  0p. 
i3x.  of  its  vapor,  by  experiment,  is  9.6. 

230.  Colundnc  Oxychhride.  Ob  0  Cl^  —  A  white  solid,  crys- 
tallizing in  silky  tufts,  which  volatilizes  in  the  air,  without  pre- 
viously melting,  at  400°.  It  contains,  according  to  analysis, 
48.9  per  cent  of  chlorine,  and  the  0)|.  ®r.  of  its  vapor  has  been 
found  to  be  7.9.  Moreover,  it  has  been  recently  proved  that  it 
contains  oxygen.  Both  chlorides,  when  treated  with  water, 
yield  columbic  acid. 

231.  Columbic  Oxyfiuoride.  ChOF^  —  This  compound  is 
probably  formed  when  columbic  acid  is  dissolved  in  hydrofluoric 
acid,  but  it  has  not  yet  been  isolated  in  a  pure  condition.  The 
solution,  however,  forms  definite  crystalline  salts  with  several 
metallic  fluorides,  and  these  are  among  the  most  important  com- 
pounds of  columbium.  The  salt  1KF .  ChOF^.H^O  is  very 
readily  obtained  in  nacreous  scales,  and  being  far  more  soluble 
than  the  com()ound  of  tantalum  formed  under  the  same  condi- 
tions, ^KF ,  TaFjfl  it  gives  us  the  only  useful  means  yet  dis- 
covered of  separating  this  element  from  columbium.  A  salt 
has  also  been  formed,  having  the  composition  2KF ,  ChF^y  and 
isomorphous  with  the  compound  of  tantalum  just  mentioned. 
It  is  interesting  as  pointing  to  a  fluoride  of  columbium,  ChF^^ 
which  is  not  otherwise  known. 

The  metal  columbium  has  not  with  certainty  been  obtained. 
The  black  powder  described  as  such  by  Rose  is  said  to  be  the 
oxide  Ch^Of, 

An  infusion  of  gall-nuts  gives  with  acid  solutions  containing 
columbium  a  deep  orange-red  precipitate ;  and  by  this  reaction 
columbium  may  be  distinguished  from  tantalum,  which,  under 
the  same  conditions,  gives  a  bright' brown  precipitate. 

232.  TANTALUM.  ra  =  182.— This  element,  associated 
with  columbium  in  the  native  columbates  named  above,  is  the 
chief  constituent  of  Tantalite,  Yttrotantalite,  and  of  a  few  other 
minerals  equally  rare.  Tantalite  is  isomorphous  with  colum- 
bite,  has  the  same  composition,  save  only  that  the  acid  radical 
is  wholly  tantalum,  and  diflers  chiefly  in  having  a  higher  Sp» 
Gr.,  which  varies  from  7  to  8.  Although  tantalum  is  so  closely 
allied  to  columbium,  yet  its  compounds  differ  from  those  of  this 
last  element  in  several  important  respects.  There  appears  to 
be  no  tendency  to  form  oxychlorides  or  oxyfluorides,  —  at  least 

18* 
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no  such  compounds  are  known.  The  chloride  is  TaClg,  a  pale 
yellow  solid,  melting  at  211^,  boiling  at  242^,  and  having  a 
vapor  density  =  12.8.  It  contains  by  analysis  48.75  of  chlo- 
rine, and  is  decomposed  by  water,  yielding  tantalic  add.  The 
fluoride,  is  in  like  manner,  TaF^  It  forms  double  salts  with 
the  metallic  fluoride,  the  most  important  of  which  is  the  potassic 
fluotaiitalate,  2KF.  TaF^  mentioned  above.  Tantalic  anhy- 
dride, Ta^O^y  is  a  white  powder,  insoluble  in  acids.  It  closely 
resembles  columbic  anhydride,  and  is  prepared  in  a  similar  way 
from  ihe  native  tantalates,  but  it  has  a  higher  density  (a^.  Gt. 
=  7.6  to  8),  and  forms  with  the  alkalies  a  larger  number  of 
crystallized  .<alts.  There  is  a  hydrate  (Tantalic  Acid  ?),  and 
also  probably  several  lower  oxides  of  the  element  A  solution 
of  laCl^  iu  strong  ^ulphuric  acid,  when  diluted  with  water  and 
reduced  with  zinc  beronies  colored  blue,  but  yields  no  brown 
oxide  as  in  the  case  of  columbium.  By  reducing  sodio-tantalic 
fluoride  with  sodium,  a  black  powder  is  obtained  which  has  been 
supposed  to  be  metallic  tantalum. 


Questions  and  Problems. 

1.  Calculate  the  percentage  composition  of  columbite,  on  the 
sumption  that  the  basic  radical  is  wholly  iron  and  the  acid  radical 
wholly  columbium.  Ans.  21.17  FeO  and  78.88  Cb^O^ 

2.  Explain  the  meaning  of  the  symbol  of  columbite  in  (227). 

8.  How  far  do  the  theoretical  gn.  (git.  of  columbic  chloride  and 
ozychloride  compare  with  the  experimental  results  ? 

4.  The  mean  of  twenty  analyses  of  the  potassio-columbic  oxyfluor- 
ide,  2KF ,  ChOF^ .  H^O,  gave  the  following  results :  From  100  parti 
of  the  salt  there  were  obtained  by  the  process  of  anal^-sis  adopted 
5.87  parts  of  water,  44.36  of  columbic  anhydride,  57.82  of  potassic 
sulphate,  and  31.72  of  fluorine.  Assuming  that  the  symbol  of  colum- 
bic anhydride  is  Chfi^^  and  estimating  the  per  cent  of  oxygen  by  the 
loss,  deduce  the  percentage  composition  of  the  compound  and  its 
symbol. 

Ans.  Columbium,  81.12;  Potassium,  25.92;  Oxygen,  5.37;  Flu- 
orine, 81.72;  Water,  5.87. 

5.  What  would  be  the  atomic  weight  of  columbium  if  deduced 
from  the  result  of  the  above  analyses  ?  Ans.  98.9. 

6.  Previous  to  the  recent  investigations  <^  Marignao,  the  sjrmbol 
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of  columbic  acid  was  usually  written  ChO^  when  0  =  8,  or  CtttO^ 
when  O  s=s  16.  What  proo&  have  been  given  of  the  correctness  of 
the  s)rmbol  adopted  in  this  book  ?  What  was  the  probable  cause  of 
the  error  made  by  the  earlier  investigators  ? 

7.  By  what  general  method  may  tantalum  be  separated  firom  oo- 
lumbium  ?    How  can  you  tell  when  the  separation  is  complete  ? 

8.  What  compounds  of  tantalum  and  columbium  are  isomorphous  ? 
What  bearing  does  this  fact  have  on  the  symbol  of  tantalic  anhy- 
dride ?  Does  the  vapor  density  of  tantalic  chloride  agree  with  the 
symbol  which  has  been  adopted  ?  Why  is  there  a  necessary  connec- 
tion between  the  symbol  of  the  chloride  and  that  of  the  anhydride  ? 

9.  How  may  tantalite  be  distinguished  from  columbite  ? 

10.  State  the  resemblances  and  the  differences  between  the  two 
members  of  this  group  of  elements. 


CHAPTER    XIX. 

THE  ARTIAD  ELEMENTS. 

Division  L 

233.  OXYGEN.  0=16.—  Djad.  The  most  abandant, 
and  the  most  widely  diffused  of  the  elements.  Forms  one  fifth 
of  the  atmosphere,  eight  ninths  of  water,  more  than  three  fourths 
of  organized  beings,  and  one  half  of  the  solid  crust  of.the  globe. 

234.  Oxygen  Gas,  0=0.  —  Exists  in  a  free  state  in  the  at- 
mosphere, but  mixed  with  nitrogen  gas.  May  be  extracted 
from  the  air  by  either  of  the  following  double  reactions.  Me- 
tallic mercury  or  baric  oxide  is  first  heated  in  the  air,  and  then 
the  products  of  the  first  reaction  raised  to  a  much  higher  tem- 
perature. 

2.  2HgO  =  2Hg  +  (^X^.    2.  2BaO^=2BaO+®^.  ^      "• 

Generally  obtained  from  commercial  or  natural  products,  rich 
in  oxygen,  by  one  of  the  reactions  given  below.  The  materials 
must  in  each  case  be  heated  to  a  definite  temperature,  and  the 
last  two  reactions  require  a  full  red  heat 

2KClOj,  =  2KCI  +  3  (eXD.i  [229] 

2K^Cr^0j  +  10  JI^SO,  = 

4(//Ar50,)  +2([OJ35(94)  +8^,0  +  3®=©.  [230] 

2MnO^  +  2H,S0,  =  2MnS0,  +  2^,0  +  ©=<©.  [231] 

SMn  Oa  =  Mils  0^  +  (fiXD.  [232] 

2//,50,  =  2^aO  +  250,  +  ®=®.  [283] 

Also  by  electrolysis  of  water  and  by  [66].     Oxygen  gas  is  a 
chief  product  of  vegetable  life.      Under  the  influence  of  the 

1  This  rwiction  is  gT«?atly  facilitAted  by  mixlnf?  the  potansic  cMoimte  wiA 
cnpric  oxide  or  manganio  dioxide,  which,  however,  undergo  in  the  proosM 
no  apparent  change. 
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sun's  rays  the  plants  decompose  the  carbonic  acid  of  thdr  food, 
fixing  the  carbon  and  liberating  the  oxygen.  Oxygen  gas  man- 
ifests intense  affinities,  but  these  are  only  called  into  play  under 
regulated.conditions.  (Review  Chapter  XII.  on  Combustion.) 
When  an  elementary  substance  unites  with  oxygen  it  is  said  to 
be  oxidized,  and  when  the  compound  is  decomposed  the  oxide  is 
said  to  be  reduced. 

235.   Oxygen  Compounds.  —  The  most  important  classes  of 
oxides  are  illustrated  by  the  following  symbols  and  examples: — 
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As  a  rule,  the  oxides  of  the  forms  1  and  3  act  as  anhydride 
bases  (47),  and  are  called  protoxides.  On  the  other  hand,  the 
oxides  of  the  forms  6,  7,  10,  and  12  generally  act  as  anhydride 
adds.  The  oxides  of  the  form  8  are  called  sesquioxide.  They 
usually  act  as  basic,  but  sometimes  as  acid  anhydrides,  and  at 
other  times  like  the  hyperoxides  mentioned  below.  The  oxides 
of  the  forms  9  and  1 1  are  very  indifferent  bodies,  and  those  of 
the  first  class  are  sometimes  called  saline  oxides.  The  oxides 
of  the  forms  2  and  5  are  called  di  or  hyper-oxides.  They  act 
as  powerful  oxidizing  agents,  readily  giving  up  one  half  of  the 
oxygen  they  contain  [74]  [77].  The  oxides  of  the  form  4  are 
edled  suboxides.  They  sometimes  act  as  anhydride  bases,  but 
ki  most  cases  wlien  acted  od  bj  acUb  thcj  diaiiga  into  protoz- 


802  OXTQEN.  [S28& 

ides,  either  giving  up  one  half  of  the  metal  or  taking  up  as  modi 
again  oxygen  as  they  contain.  The  relation  of  the  oxides  to 
the  acids,  bases,  and  salts  has  been  already  explained.  (Review 
Chapters  IX.  and  X.) 

Besides  the  above  classes  of  oxides,  all  of  which  comprise 
actual  compounds,  there  are  others,  most  of  which  are  only 
known  as  compound  radicals.  With  many  of  these  radicals  the 
student  is  already  familiar,  such  as  SO^f  SO,  NO^^  NO,  PO,  in 
all  of  which  the  oxygen  atoms  only  satisfy  a  part  of  the  affini- 
ties of  the  multivalent  atoms,  with  which  they  are  grouped,  and 
the  quantivalence  of  the  radical  is  easily  found  by  Wurz's  rule. 
(28.)  The  chemists  have  also  been  led  to  assume  a  very  differ- 
ent type  of  oxygen  radicals,  in  which  the  affinities  of  the  oxygen 
atoms  predominate,  and,  moreover,  it  is  frequently  convenient, 
in  expressing  the  composition  of  complex  compounds,  to  indicate 
these  radicals  by  a  single  symbol.  The  following  examples 
illustrate  the  most  important  classes  of  these  radicals :  — • 


Badieak.  Symbols. 

ho         (BO)  Ro  Ho        Ko        {NH^o. 

XOt         (O-JR-O)  Ro  Coo       Zno        Feo. 

[i?JO«     (Oj=i?-i?=Oa)         R^  A\^      Fe^         Cr/>. 

It  will  be  noticed  that  the  number  of  oxygen  atoms  in  all 
these  cases  corresponds  to  the  quantivalence  of  the  metallic  ele- 
ment with  which  they  are  united,  and  that  the  quantivalence  of 
the  radical  is  the  same  as  that  of  its  characteristic  element 
Hydroxyl,  Hoy  is  the  type  of  this  class  of  radicals,  and  names 
may  be  given  to  them  all  formed  after  the  same  analogy  as 
Potassoxyl,  Zincoxyl,  —  but  such  names  are  rarely  used.  The 
relations  of  this  type  of  radicals  to  the  three  great  classes  of 
chemical  compounds  has  been  already  in  part  illustrated  (108), 
and  will  be  still  further  developed  in  the  present  chapter. 

236.  Ozone.  ( 0 -0)  •  0.  —  The  best  opinion  that  can  at  pres- 
ent be  formed  in  regard  to  the  constitution  of  this  remarkable 
substance  is  expressed  by  the  rational  symbol  here  given. 
Ozone  is  formed  under  a  great  variety  of  conditions,  as,  —  1. 
During  the  passage  of  electric  sparks  through  air  or  oxygen. 
2.  During  the  electrolysis  of  water.    8.  During  the  slow  com- 
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bustion  of  phosphorus  in  moist  sir,  4.  During  the  slow  com- 
bustion of  alcohol,  ether,  and  volatile  oils.  5.  By  decomposing 
potassic  permanganate  with  sulphuric  acid,  and  by  several  other 
similar  reactions.  Ozone  as  thus  obtained,  however,  is  very 
largely  diluted  with  air  or  oxygen  gas,  and  we  have  not  yet 
succeeded  in  preparing  it  in  a  pure  condition.  It  differs  from 
ordinary  oxygen  gas, — 1.  In  having  a  peculiar  odor,  with  which 
we  are  familiar,  as  a  concomitant  of  electrical  action.  2.  la 
acting  as  a  powerful  oxidizing  agent  at  the  ordinary  temper- 
ature of  the  air.  It  corrodes  cork,  india-rubber,  and  other  or- 
ganic materials.  It  bleaches  indigo.  It  even  oxidizes  silver, 
and  displaces  iodine  from  its  metallic  compounds.  If  a  slip  of 
paper  moistened  with  starch  and  potassic  iodide  is  inserted  in 
a  jar  containing  the  smallest  trace  of  ozone,  it  is  immediately 
colored  blue,  owing  to  the  liberation  of  the  iodine  (119).  In 
like  manner,  paper  wet  with  a  solution  of  manganous  sulphate 
is  turned  brown  by  ozone,  owing  to  the  oxidation  of  the  man- 
ganese, and  paper  stained  with  plumbic  sulphide  is  bleached  by 
the  same  agent,  because  the  black  sulphide  is  changed  to  the 
white  sulphate.  3.  In  the  fact  that  its  Sp.  6r.  is  24  instead  of 
16.  The  formation  of  ozone  in  a  confined  mass  of  oxygen  gas 
is  attended  with  a  reduction  of  volume ;  and  since  the  ozone  thus 
formed  may  be  absorbed  by  oil  of  turpentine,  we  have  thus  the 
means  of  determining  its  specific  gravity,  and  the  results,  if  cor- 
rect, prove  that  the  molecule  of  ozone  consists  of  three  oxygen 
atoms.  Again,  during  most  cases  of  oxidation  by  ozone,  the 
volume  of  the  ozonized  oxygen  does  not  change,  and  this  fact  is 
consistent  with  the  theory  of  its  constitution  which  our  molecular 
formula  expresses,  as  is  illustrated  by  the  following  reaction :  — 

Ag-Ag  +  2(0-0)^0  =  Ag^O^  +  20=0.       [234] 

I*  has  been  shown,  however,  that  oil  of  turpentine  absorbs 
the  molecule  of  ozone  as  a  whole,  and  is,  therefore,  an  exception 
to  the  general  rule.  The  metal  in  the  above  reaction  is  raised 
to  the  condition  of  peroxide,  and  it  is  probable  that  several  of 
the  oxides  and  oxygen  acids  contain  one  or  more  atoms  of  oxy- 
gen in  the  same  condition  as  in  ozone.  Such  compounds  have 
been  called  ozonides,  and  among  them  are  classed  the  peroxides 
of  silver,  lead,  and  manganese,  the  sesquioxides  of  nickel  and 
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cobalt,  as  also  chromic,  manganic,  and  permanganic  acids,  with 
their  various  salts.  Ozone  appears  to  be  constantly  present  in 
the  atmosphere,  and  important  effects  have  been  attributed  to 
its  influence.  It  has  been  thought  to  be  the  active  agent  in  all 
processes  of  slow  combustion  and  decay,  and  to  play  an  impor- 
tant part  in  the  economy  of  nature.  At  a  temperature  of  300^ 
ozone  is  instantly  changed  into  common  oxygen  gas,  and  at  a 
temperature  no  higher  than  boiling  water,  it  slowly  retoms  to 

the  same  condition. 

+ 
237.  Aniosone.  (0-0)«0.  —  Whenever  ozone  is  prepared, 

there  appears  to  be  formed  at  the  same  time  a  second  modifica* 
tion  of  oxygen  gas,  which  presents  such  a  singular  antithesis  to 
ozone  as  to  lead  us  to  believe  that  it  is  in  fact  the  same  sab- 
stance,  only  oppositely  polarized.  Hence  we  have  called  it  an- 
tozone,  and  assigned  to  it  the  symbol  at  the  head  of  this  section, 
although  our  theory  is  not  based  on  any  conclusive  experiments, 
and  our  knowledge  of  the  substance  is  still  very  imperfect.  It 
may  be  obtained  in  several  ways,  —  1.  When  drff  electrified  air 
is  passed  through  a  solution  of  pyrogallic  acid  or  potassic  iodide^ 
the  ozone  is  absorbed  and  the  air  is  left  charged  with  antozone. 
2.  When  baric  peroxide  is  dropped  into  sulphuric  acid,  the  oxy- 
gen evolved  is  more  or  less  charged  with  the  same  agent.  3. 
When  phosphorus  is  burnt  in  dn/  air,  a  small  amount  of  oxygen 
is  always  left  unconsumed,  and  this  appears  to  be  in  the  condi- 
tion of  antozone.  Indeed,  it  has  been  supposed  that,  in  all  sim- 
ilar processes  of  oxidation,  both  ozone  and  antozone  are  formed ; 
but  that,  while  the  oxygen  atoms  of  the  first  enter  into  combi- 
nation with  the  burning  body,  those  of  the  last  do  not,  owing  to 
their  polar  condition. 

Antozone  has  an  odor  like  ozone,  but  much  more  repulsive. 
It  does  not  displace  iodine  or  color  the  iodized  paper.  It  does 
not  oxidize  silver  or  the  solution  of  manganous  sulphate,  but,  on 
the  contrary,  removes  from  the  paper  prepared  with  the  man- 
ganous  salt  the  brown  stain  which  ozone  had  made.  On  all 
ozonides  it  acts  as  a  reducing  agent.  [236.]  There  is,  how- 
ever, another  class  of  substanct>s  which  it  oxidizes,  and  among 
these  the  most  important  is  water,  with  which  it  forms  hydrio 
peroxide. 

JMiO  -f  {O'OyO  =  H,IIo'd  +  O'O.        [235] 


» 


In  niany  processes  oroEonizmg  air,  llie  Aniozone  unites  wilh 
and  thus  coiiJenses  the  vapor  present,  ulihou^rh,  in  iiioat  cases 
Bl  ItM-st,  the  uniuD  appearii  to  be  rather  mechanical  tliiin  chemi- 
cal. Tlie  reaction  is  consequently  attended  with  the  formutioa 
of  mi^ta  or  clouds,  which  ia  one  of  the  nio^t  striking  properties 
of  anluzone.  The  Boioke  of  gunpowdur,  lobucco,  and  smoulder- 
ing wood  boA  been  thought  to  be  an  aniozone  cloud,  and  the 
clouding  of  gas  jars  in  many  chemical  experiments  has  been 
referi'ed  to  the  snme  cause.  0|)[io»ed  to  the  ozonides  vie  have 
a  cinsfl  of  Rntozonides,  among  which  have  been  classed,  ^n;^idr3 
llie  peroxide  of  hydrogen,  the  peroxides  oF  barium,  stroulium, 
HKliiim,  and  potassium,  and  reaciiona  may  be  obtained  ))eiween 
the>e  iwo  classes  of  compounds  which  are  very  interc^iing, 
Tiii'y  mutually  deconiiJOfC  each  other,  with  the  evolution  of 
mtjgtn  gas,  thus:  — 

{Pb-0)'0  -{-  I/JIo'O  ^  Pl>0  ~\-  71,0  -\-  0=0.  [236] 

Compare  also  [75].  Aniozone  is  more  unstable  than  ozone, 
and  elianges  hack  to  oxygen  gas  at  a  Still  less  elevation  of  tern- 
peraiure. 

I'  1.   What  is  the  rcMon  for  writing  the  symbol  of  oxygen  gas  O'Ot 
(17)  and  (19) 
2.    What  ia  Iho  difference  between  the  c«nditioa  of  oxygen  gas  in 
tlie  atmo-pbere,  and  thm  of  th«  same  pas  in  a  pure  coailitiun  von- 
tsinc'l  io  a  bell-glass  standing  over  a  pneunialic  trough  7 

3.    Were  the  nitrogen  gaa  of  tho  atmosphere  removed,  would  the 
pbyucal  tondilion  of  tlie  oxygen  gna  be  ehangi-d? 
~       _,  If  by  either  of  the  methods  [228]  oxygen  gas  is  obtained  di- 
Bcllv  from  the  atmotiphere,  how  many  litres  of  air  would  be  required 
»  yield  one   litre  of  oxygen  gas  at  same  temperature  and  press- 
?     (59.)  Ans.  4.7J  Hires  of  wr. 

.  How  much  potaBsie  chlorate  mu'l  hp  used  to  yield  I*)0  litres  of 
P»ygen  gas  at  30'  an-i  38  c.  m.  premureV  Ans.  165  gra. 

What  weight  of  potassic  dichromate  [2S0]  must  be  used  to 
i  a  litre  of  oxygen  gaa,  Sp.  Gr.  =  06  ?  Ana.  S2.77  gis. 

,   If  92.05  gramtnea  of  potanic  chlorate  are  decomposed  in  a 
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closed  vacuotn  ve«el  of  1,010  cTrnT*  opacity,  what  will  be  the  teiwioii 
of  thegai  in  Ibe  vtsfit.-latS73°?  Ana.   131.6  c.  m. 

B.  Wkit  weigblof  axygitngai  is  T«c[uireil  to  fill  aglobeoTlOlitn^ 
capacity  at  2T^3  and  38  c.  m.  pressure?  Ana.  6.516  gnun. 

9.  From  a  given  weight  of  Jl/nO,  how  much  more  oxygen  gas  can 
beohlained  by  reaction  [£31]  Lban  by  [S33]?  Am.  |  u-ore. 

10.  A  volume  of  air  measuriog  lOO  v.  m.'  ii  niiaed  with  50  c.  lu. 
of  hyiirogen  gas  and  explo<leil.  What  vuluuke  of  gas  ia  left,  ahUin- 
iog  that  the  volumes  are  all  measured  uuder  alandanl  conditliiDi,  and 
that  all  the  water  fonueU  is  condenaed?     (59.) 

An*.  87.13  CE'. 

11.  In  an  experiment  like  the  last,  with  the  same  initial  vduiM 
of  air  and  hydrogen,  the  volume  of  the  rtsidual  gas  lueasured  89.41 
c.  ni.'  What  is  the  composition  of  the  air?  It  is  anuiucd  thai  the 
volumes  are  measured  under  a  constant  pressure  of  76  c.  ni.,  and  tl 
a  temperature  at  which  the  tension  of  aqueous  vapor  equals  9  c-  m. 

Ans.  20.9G  oxygen,  79.04  nitrogen. 

12.  Analyze  reaction  [230],  and  «how  from  which  of  the  &cla> 
the  oxygen  m  derived. 

13.  Represent  reaction  [232]  by  graphic  Bjmbols. 

14.  AVhal  volume  of  chlorine  gas  is  reiiuired  to  decompc«e  one 
litre  of  aqueous  vapor?  Ana.  1  litre. 

15.  If  one  gramme  of  water  is  deconpored  by  galvanism  ia  m 
closed  glan  globe  containing  1.86  litres  of  air  under  normal  condi- 
tions, what  will  ba  the  tt^Dsion  of  the  resulting  gas  mixtun;,  leaving 
out  of  the  account  the  tension  of  the  aqueous  vapor  which  mar  be 
present?  Ans.   152  c.  m. 

16.  Ri-present  by  graphic  flj-mbols  the  constitution  of  the  variotH 
classes  of  oxides  and  oxygen  radical*. 

17.  In  the  symbols  of  acids,  hydrates,  and  salts  (35)  written  OO' 
the  water  type,  to  what  do  the  oxygen  radicals  correspond  ? 

18.  Explain  the  change  of  color  which  takes  place  when  papfr 
moistened  with  a  solution  of  starch  and  potassic  iodide  if  exposed  to 
the  action  of  oione. 

IS.   Explain  the  method  of  finding  the  Sp.  Gr.  ofoiooe, 

30.  Can  yon  devise  a  method  of  finding  the  Sp<  Gr.  of  omM 
bnsetl  on  the  prinripln  of  (M)  '/ 

31.  Explain  the  reasons  for  writing  the  s}-mbol  of  otone  {O-0)-6. 
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22.  How  would  you  write  tto  symbola  of  argentic  peroiide  nnd 
1   plumbic  peroxide,  on  the  tame  principle  ? 

23.  Wby  in  it  esteatiul  ia  pntparing  antozooo  that  the  electrified 
'   UT  should  be  dry  ? 

24.  In  what  dilTerent  ways  may  the  symbol  of  bydric  peroxide  be 
irrilten.aiid  what  tbeories  of  its  torn  position  do  tLe  Bymbolaauggeat? 
B)'  wbat  reactiotis  are  these  theorieB  euKtained? 
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238.  SULPHTTR.  5=  32.  — Usually  bivalent  when  in 
combination  with  metals  or  positive  radicata,  but  iu  oilier  a 
ciationa  frcquenily  quadrivalent  and  Kxiraleiil.  Widely  nnd 
abundantly  disiribuled  in  nature,  chieHy  in  combinatiun,  form- 
ing various  metallic  sulphides  and  sulphates.  The  moel  abun- 
dant of  thewj  arc  iroti  pyriles,  jPe.^and^p9uni,  CaSOfSfffO, 
Found  also  native  in  volcanic  disiricla.  It  ia.  moreover,  an  es- 
sential, although  a  very  subordinate,  ingredient  of  tlie  animal 
tis'iuen.  Sulphur  is  very  closely  allied  lo  oxygen,  and,  corre- 
sponding to  each  metallic  oxide,  there  is  usually  a  !>ulphide  of 
the  same  form ;  and,  substituting  the  symbol  of  sulphur  ibr  that 
of  oxygen,  the  table  of  oxides  on  |>age  301  will  ^erve  equally 
well  aa  a  classification  of  the  sulphides.  Moreover,  we  have 
'  found  it  convenient  to  assume  a  number  of  sulphur  radicals  cof^ 
responding  in  all  respects  to  the  oxygen  radicals,  and  we  reprfr- 
sent  ihem  by  separate  ><ymboIs  formed  in  a  simitar  way.    Thiu, 

m,  Pbs,  Cuf.  Sb^  eland  for  the  radicals  HS,  PbS„  OiA 
Sb^S^  respectively. 

The  greater  part  of  the  sulphur  of  commerce  comes  from  the 
mines  of  Sicily,  where  it  b  either  melted  or  di-tilltid  from  ibe 
volcanic  earth.  A  email  quantity  is  obtained  by  roasting  or 
dinilling  iron  pyrites.  Common  sulphur  is  a  very  brittle,  jel> 
low  solid,  melting  at  114°,  and  boiling  at  4-10°,  when  it  forms  a 
dense  red  vajtor.  It  is  insoluble  in  water,  and  nearly  bo  in 
alcohol,  ether,  and  chloroform,  but  readily  soluble  in  carboDH) 
bisulphide,  benzole,  and  oil  of  turpentine,  the  solveut  power  of 
the  last  two  liquids  being  greatly  increased  by  heat  Sulphur 
asiiumes  a  gTt>at  variety  of  allotropic  modifications,  which  an 
nuinifesied  by  diflVrencea  of  crysialline  form,  speciQc  grant/, 
solubility,  and  color.  At  the  ordinary  temperature  it  crystal' 
liaes  in  octahedrons  of  the  orthorhombic  system,  ^.  Gr,  S.Oft, 
and  above  105°  in  oblique  prisms  of  the  monoclinic  systems,  ^^ 
Gr.  I.9S.  Kloreover.  the  one  crystalline  condition  passes  into 
the  other  at  the  temperature  at  which  it  is  normally  formed. 
If  heated  to  230*,  raelied  sulphur  beoomcs  darker  colored,  thkJi, 
and  pa.<ty,  and  if  suddenly  cooled  the  tuaas  remains  plsdtto  for 
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Bome  lime.  At  1 00°  (hi^  pl.nstic  malprial  pudJpnly  changes  hack 
to  brittle  sulphur,  wilb  evolution  of  heal,  and  the  Barae  eliange 
soon  follows,  although  more  filowly,  at  the  orilinary  tempernlure. 
If  sulphur  is  heated  to  230°,  and  saddeiil}'  cooled  several  limes 
in  succession,  it  is  in  part  converted  into  n  peculiar  dark-colored 
variety,  wholly  insoluble  in  all  solvents,  and  easily  separated 
by  carbonic  sulphide  from  the  unchanged  portion.  Moreover, 
ordinary  flowers  of  culpliur  (formed  by  condensing  the  vapor 
of  sulphur  in  cold  brick  chambers)  consist  in  part  of  a  yellow 
powder,  insoluble  in  carbonic  sulphide,  which  appeai-s  to  be  still 
another  condition  of  sulphur,  and  several  other  modifications, 
Including  a  black  and  a  red  variety,  have  been  descrilied  as 
distinct  allntropic  statee.  Some  chemists  have  thought  to  find 
among  these  various  mo<lilications  a  dilTerence  of  polar  condition 
similar  to  that  observed  in  the  modificationa  of  oxygen.  Sul- 
phur appears,  even  in  (he  state  of  vapor,  to  present  difiereucea 
of  condilion.  Just  above  its  boiling  point  the  Sp.  Gr.  of  sul- 
phur vapor  is  96,  which  corresponds  to  the  molenilnr  Tormula 
S^S,;  and  not  until  the  temperature  reaches  1,000*  does  the 
become  32,  corresponding  to  the  formula  S'S,  like  that 
of  oxygen  gas.  Sulphur  has  strong  afRuilies  for  the  metals, 
many  of  which  burn  in  its  vapor  with  great  brilliancy-  It  has 
also  a  strong  affinity  for  oxygen.  It  is  very  combustible,  taking 
Sre  at  a  low  temperature,  and  forming  by  burning  SO^  It  is 
chiefly  uted  for  tnaking  sulphuric  acid,  and  vuli-nnizing  india- 
rubber;  but  it  has  many  subordinate  applications  both  in  the 
•rts  and  in  medicine.  The  so-called  milk  of  sulphur,  tiseil  in 
{fburmacy,  Is  obiained  by  dissolving  flowers  of  sulphur  in  alka- 
line liquids  and  subsequently  precipitating  with  acid. 

Hyilric  Sulp/iide,  Sulp/io/igiirin  Acid,  Stdphtrefred 
^Bgdrogen,  H.,S.  —  A  colorless  gas,  whinh  by  pressure  and  cold 
taay  lie  randen^ed  to  a  limpid,  colorless  liquid  {Sp.  Gr.  =  0.9), 
tmiting  at  — 02°,  and  freezing  at  — 86°.  Is  soluble  in  water 
mnd  alcohol,  one  measure  of  water  at  0°  dissolving  4,37  mpai- 
Vres,  and  one  volume  of  alcohol  dissolving  17.9  measures,  of  the 
gas  at  the  same  temperature.  Ha"  a  repulsive  odor,  and  is  a 
constant  prtiduct  of  decaying  animal  tissues.  Generally  obiained 
(he  reaction 

FiS-\-(,H^SO,  +  Aq)  ^  (FeSOt  -f-  Ai})  +  IT^S;  [237] 
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but  as  the  ferrous  aulphide  commonly  used  contains  more  or  lees 
ir:etallju  iroD,  the  goa  lima  prepared  b  mixed  wiih  hydrogen. 
It  U  oblaioed  iu  a  purer  condiuon  from 

Sb,.%  +  (SffCT  +  Ag)  =  (2Sba,  +  Ag)  +  HN^S.  [238] 

Ilydrio  sulphide  b  very  combustible,  and  buroB  wilh  a  pals 
blue  flame. 

2^5-|-30'(9  =  2^,0  +  250,  [839] 

The  tiolutioQ  of  the  gas  exposed  to  ihe  air  soon  becomes  turbid, 
oning  lo  [bo  oxidatioD  of  the  hydrogea  and  ooQEequuit  sepa- 
ration of  sulphur. 

(2//,S  -I-  Ag)  +  ®=®  =  {2ff,0  +  Aq)  +  »-S.  [240] 

If  the  action  is  assisted  by  porous  solids,  the  oxidation  is  more 
complete. 

(^,5  -^Ag)-\-2  ^SKD  =  (/f,^  0^80^  -f  A-]).  [241] 

The  substance  is  also  decomposed  by  chlorine,  bromine,  or 
iodine. 

(2N,S  +  2I-I-\-Ag)  =  {i/n-^A<f)-\-»^.  [212] 

On  this  last  reaction  is  biised  a  simple  process  of  determining 
Tolumetrically  the  amount  of  HtS  in  a  given  solution.  The 
compound  may  be  amilyxed  by  heating  melallia  tin  in  a  cooflncd 
volume  of  the  gas. 

Although  the  sulphur  is  removed  by  the  tin,  the  volume  of  tlie 
1^4  dues  not  chnnge.  Hydric  otilphide  is  not  unfr«quently 
fnrniecl  in  imturc  from  cnlcic!  futphaie,  which  in  contact  with 
dLvnying  animal  or  vegetable  matter  loses  its  oxygen,  wlwa 
the  carbonic  acid  of  ihe  almoi'phere,  acting  on  the  reenlting 
calcic  sulphide,  leLs  Iree  the  compound  in  question.  It  is  thus 
that  ihe  soluble  sulphides  in  many  mineral  springs  prob^ly 
orieinnte. 

llyHric  sulphide  is  one  of  the  most  iiiiportanl  uhemical  P^ 
agents,  and  is  used  lo  convert  into  sulphides  vxrious  metallic 
hydrates  and  other  salts. 


I 
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1.  Action  OD  alkoliae  bydnitea. 

{K'0-ff+  HtS  +  Ag)  =  (K-S-ff+  K,0  +  A^).  [244] 

{K-S-H-\-  K-0-H-\-  Aq)  =  (A;S+  U^O  +  Aq).  [245] 

Thua  may  also  be  formed  Na-Hi,  Na^S,  SHiHi,  {NH^)fS. 
'(38.) 

2.  Action  on  salu  of  the  more  electro-Qegfttive  metals 

{CdSO^  -t-  H^S-^Aq)  =  CdS  +  {H^SOt  +  Aq).  [246] 
So  also  may  be  predpitaied  from  acid  Boluliona  of  their  salts 
A»y%       Sb,S^       Sb,S„       SnS,       SnS^       J'lS^        A<i,S„ 

all  of  which  are  soluble  in  alkaline  sulpliideti,  and 

CdS,       CnS,      Bi\S-„      A^S,       IfgS,      [%,|5,      PbS, 

all  of  which  are  insoluble  in  alkaline  sulpliidee. 

3.  Action  on  salts  of  the  more  electro-positive  metals.  The 
following  Bulphides,  although  not  precipitated  from  aet'd  solu- 
tions, are  precipitated  wlion  suffii-ieni  ammonia  is  added  lo  neu- 
tralize all  the  acids  present,  or  wlien  an  alkaline  sulphide  h 
otied  in  place  of  If^S. 


MnS, 


FfS, 


XiS, 


CoS. 


I  At  the  fame  time  aluminum  and  chromium  are  alw  precipitated 
I  ss  hydralP*.  The  remaining  common  metals,  via. :  Ha,  Sr,  Co, 
I  Jfff.  A'  and  ^fi.  forming  sulphides  soluble  in  water,  are  not  pre- 
I  cipiiated  by  H^S  under  any  conditions.  Thus  B^jS  serves  to 
I  divide  the  metallic  radicals  inlo  groups,  and  on  these  relations 
I  the  ordinary  methods  of  qnatilative  analysis  are  based, 
4.  Action  as  reducing  agent. 

(IFtCI,  +  incl  +  At,)  +  S.  [247] 

I  (liiCr,^0,  +  iHCl  +  SH.S^Aq)  = 

■"■  ([OJO,  +  iKCl-X- 111,0  +  i^■)  +  «„  [248] 

WH,S  +  lOSO,  =  6^  +  8^,0  +  2aS,0,    [249] 
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2^0.  nydrie  Pertiilphide,  JfjS-p  itnulogoQS  to  H,0^  cim  be 
obtained  by  gruduajly  aililiiig  Ui  liydrochloric  acid  sodic  biaulr 
phide.     It  is  a  jttllow,  oilj  liquid,  and  very  UDBlable. 

241,  Alkaline  Sulphides  hni  StJjthobydratei.  —  Solutions  of 
tbe  simple  sulpliides  and  Hulpholiyd rales  are  bebt  formed  09 
above.  These  solutions  readily  disBulve  sulphur,  and  various 
persulphides  are  thus  formed.  Tbe  following  six  sulphidtinf 
potassium  are  known :  K^S,  K,.%  K^S^,  K^S„  KA  «"<)  AVS- 
Other  modes  of  preparing  similar  compounda  are  illustrBtcd  bj 
the  following  reactiona:  — 

=  A;6-+4/50.  [250] 

12S-\-  (C.K-0-//-\-  Aq)  = 

Wwi=»i«u™.      ^■2/c^s,-\-fC„S,0,-\-3Jff^O-\-Ag).  [251] 

us  4-  »K'0-/f=  SK^S,  +  K^SO,  +  4«,0.  [2o2] 

SS  4-  a/T/  0,'  CO  =  iK^S»  +  KjS^O^  +  3  COf,  or 


125  +  SKfOiCO  =  ih\S,  +  K^StOt  +  8C£>, 


[«»] 


The  products  of  the  Iftst  two  reactiona  are  not  conalant,  liQl 
various  persutphides  are  formed,  depending  on  Ihe  lemperature 
and  the  conditions  of  the  process.  The  resulting  mixture  is  a 
yellow  solid  called  liver  of  sulphur.  When  treated  with  acids, 
the  various  sulphides  react  as  follows :  — 

{KB*  +  HCl  +  Ag)  =  (KCl  +  Aq)  +  31^.  [254] 

(K^S  +  2//c:  +  Ag)  =  i2KCl  +  Aq)  +  Bl^  [253] 

(K,^  +  2ffa-\-Aq)  =  {2KCl+Ag)-\-1ii,-i-l5i^  [*25Gj 

i3A,S,  +  A',.5,0,  +  6//C7  +  Ag)  = 

(GA'a  +  SO,  +  B,0  +  Ag)  +  !)S  +  2IIIA  [257] 

Solutions  of  the  alkaline  sulphidos  or  sulphohydrates  ahmrb 
oxygen  from  the  air,  and  ara  Uius  changed  into  persulphjdei 
and  hyposulphites. 

(fiyf/cS-fr+  Ag)  +  5©^  = 

^'*^'"*'{i(yif,)Ji,-!ri{X/f,),S,0,-\-tf/,0+Ag).liig} 
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Sulpliur  and  bylric  pulpliide  react_  on  the  aJknlin 
orlj  the  some  vt&ys  as  un  the  alkalies. 

Ca  O  +  IIS  ==  CaS  +  /I,  O. 


[250] 


2CaS+  Hj^Oi-R^  =  Ca-Si-H^  +  Ca-OiH^    [^62] 

HLudllhwuu. 


r 


{GaSiH^-\--lH^O-\-Aq).  [263] 

Bj*  boiling  snlphur  with  milk  of  lime,  a  mijiture  of  calcic  hy- 
posulphite wilh  various  t^ulcic  persulp bides  is  obuiined,  among 
which  may  be  distinguished  CaS^  and  CaS^  By  melting  to* 
gether  sulphur  and  calcic  hydrate  or  carbonate,  there  reBulla  a 
mixture  of  calcic  sulphide  and  calcic  sulphate.  IF  pulverized 
charcoal  ia  also  added,  the  product  is  chiefly  calcic  s^ulphide. 

242.  Compavndi  of  Sulphur  tBid  Oxi/gen.  —  The  following 
known: — 


SulphnropB  Anhydride 
Sulphurous  Acid 
Hyposulphurous  Acid 
Sulphuric  Anhydride 
Sulphuric  Acid 
Nonlhausen  Acid 
Diihiouic  Acid 
Trilhiouic  Acid 
Tetrathionic  Acid 
Fenialh ionic  Acid 


S0„ 

J/^'O^SO„ 

N^0f{S0fS-S-S0^), 
Hi  o/iSOfS-S-S-SOj). 


24.S,  Sulphurotit  Anhydride.  SO^  —  Colorless  gas,  boring 
R  familiftF  miffbcaiinf;  wlor.     li  is  easily  condpn.=pd  in  a  colorless 

hiuid.  boihng  at — 10°  and  freezing  at — 76°;  Sp-  ©r.  =  1-49. 
Natural  product  of  volcanic  action,  and  alnmdanily  evolved  dur- 
ing the  roasting  of  copper  pyrites  and  other  sulphurous  ores. 

lay  be  prepared  by  either  of  the  following  reactions ;  — ■ 


.^S+2*S><D  =  2t3J), 


[284] 


iH^SO^  +  Hg^  ffgSO^  +  2^0  +  S®,  [265] 

2If,S0,  +  C=  2S©,  +  <3®,  +Zia^.  [266] 

SS  +  Mu  0,  =  MtiS  +  S®f  [267] 

Maj  be  decomposed  by  the  reactions 

250j  +  i.H'H=  iH^O  +  S-S  [268] 

50,  +  3ff-If=  2ff,0  +  ff,S  [369] 

The  first  reaction  is  obtained  by  paFsing  a  mixture  of  (be  two 
gu^es  through  ii  red-hot  tube ;  tbo  second,  by  fulding  Ut  tbe  tit- 
lutiuii  cunlaiulng  SOgasmall  amount  of  hjdrocbloriu  acid  wltli 
a  1l-w  piuces  of  zinc.  The  /I,S  may  be  detected  by  k  alrip  rf 
pajier  mobtened  with  a  solution  of  acetate  of  lead,  and  ihe  reac- 
tion givea  us  tliB  means  of  discovering  small  quantities  of  SO^, 
Sulphurous  aobydride  is  a  powerful  redudng  agent.     Thus 

(2ff/0,  +  5S0,  +  iJf^O  +  Ag)  = 

"^'  *'"  (/-/-f  5/450,  +  Aq).  [270] 

(JijOi  -(-  250,  -f  2ff,0  +  Ag)  = 

iAs^0,-\-2Il,S0t-\-Aq).  [271] 

(SOt-^ r-I-\- iff^O-\- Aq)  =  {0,30,  +  2/f/+  jI?.)  [WS] 

(250,  +  2^,0  +  v<y)  +  <S>®  =  (2/^,50.  +  Aq).  [279] 

PbO,  +  SA  =  PbSO,.  [274] 

It  ia  aUo  a  powerful  di»infecliug  and  antiseptic  agcnti  and  is 
much  uiod  for  retarding  fermentniion  and  putrefaction.  Il  bIm 
bleachca  some  of  the  more  fugitive  colon,  but  ihe  eScct  is  fiv- 
quenlly  Irsn'ient,  and  ibe  reacrion  not  well  understood. 

iAA.  5u/;>Attes.—AlO°  water  ahsorbe  68.8  limes  Its  bulk  of 
50,  and  three  crystalline  hydrates  have  been  ilfKcribed,  one  of 
which  has  the  composition  SO, .  If,  O.  and  has  been  reputied  as 
BalpburouB  acid,  but  this  opinion  may  be  questioned.  Th«  aqne- 
oui  iH>lutKUi  acts  in  all  ila  mechanical  relalioiw  like  the  simple 
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I  wlutiun  of  a  gas.  Nevertheless,  in  its  chemical  relalions  it  ucis 
I  like  an  acitl,  and  yields,  with  nt&nj  of  ihe  metallic  oxides,  hj- 
\  drales,  or  carbonates,  a  numerous  elasa  of  salta  called  llie  eul- 


Lnhites.     The  followiog  examples 
m  position; — 

Hydro-aodic  Sulphite 
Disodic  Solpliite 
Calcic  Sulphite 


will  illustrate  their  general 

No,' 0,'SO.  71/^0, 
Ca-OiSO. 


The  sulphites  are  generally  best  prepared  by  Iransmilting  a 
'  fltream  of  SO^  through  vater  in  which  the  metullic  oxide,  hy- 
drate, or  carbonate  iii  Ruspended.     The  alkaline  trails  are  the 
only  BBlphitca  which  are  freely  soluble  in  water.     The  sulphites 
of  barium,  strontium,  and  calcium  dissolve  to  some  extent  in 
,  Water  charged  with  S0.„  and  in  this  respect  the  sulphites  re- 
I  Mmble  the  carbonates.     Argentic  sulphite,  which  may  be  rend- 
I  ily  obtained  by  precipilatiou,  undergoes  a  remarkable  reacUoa 
L  when  boiled  with  water. 

I  AgfOiSO  +  {IhO  +  Aq)  = 

Ag-Ag  -If-  (H^^OfSO^  -f  Aq).   [275] 

245.    ffypoaidpkitM.  —  Hyposulphuroua  acid  has  never  been 
I  isolated ;  but  ECveral  hyposulphites  may  be  obtained  by  passing 
S  stream  of  SO^  through  solutions  of  the  corresponding  sul- 
phides, or  digesting  a  solution  of  the  sulphite  on  powdered 
■nlpbttr. 


%+{N<H-OfSO-\-^ 


=  {NafOi{S-i)-S)-\-Aq.  [270] 


Calcic  hyposulphite  is  formed  spontaneously  in  large  quanti- 
ses, both  in  tlie  refuse  lime  taken  from  the  purifiers  of  the  gas- 
works, and  iu  the  refuse  after  the  lixivintion  of  the  black-bull  at 
the  alkali  works,  and  from  this  source  sodic  hyposulphite  is 
now  obtained.  It  is  (he  only  hyposulphite  of  practical  value, 
itnd  is  not  only  used  in  photography,  but  al-o  for  removing  the 
last  traces  of  chlorine  from  the  bleached  pulp  used  in  paper- 
making,  and  in  the  treatment  of  silver  ores. 

246.  Svlphunc  Anhydridt.  5'0^— Soft,  white, silky-lonkinj 
crystalline  solid,  melting  at  '25°,  and  volaiilizing  at  35°.  Jliiy 
be  obtained  either  by  distillation  from  the  Nordhauscn  acid  or 


from  Bodic  disulphnte,  or  che  by  passing  a  mixture  of  SO^  "nJ 
O'O  through  a  heated  tube  filled  with  phititium  sponge. 

^^0,^(50,-0-^0.)  =  HiOiSO^  -i-  ®S)f      [277] 

NaiOi-{SO^-0'SO^)  =  Na^-O^^SO^  +  0%     [278] 
2&©,  +  ©-©  =  2S%  [a79] 

It  unilea  with  tnany  metallic  oxides  to  roFm  sulphates,  and 

barjta  bums  in  its  vapoi", 

BaO  +  S©»  =  BaO.SO^  [i'«0] 

It  liuB  an  intent  afRnity  for  water,  and  the  heat  developed  by 
the  union  is  so  great  that  the  solid  hissea  like  red-bot  iron  wLen 
dropped  into  the  liquid.  The  product  ia  GommOD  sulphtiric 
acid. 

247.  SulphwyUc  CMofide.  SO.Cl^  —  'Ulhy  be  formed  by 
the  direct  union  of  SO^  and  Gt-Cl  under  the  influence  oT  tin 
eunlighl,  also  by  the  reaction 


H^SO^  +  2P6V.  =  50,  CT,  -\ 

The  product  is  a  liquid  boiling  at  i 
dccompoeed  by  water. 


2PCl^0  +  IHCl.  [281] 
)";  Sp.  Gr.  1.68.     Slowly 


SO,CL  +  2^.0  =  ff,SO,  +  2//CT. 


[283] 


There  have 
H-0-SO,-Gl  I 
to  sulphuric  a< 
symbols  thus :  - 


also    bet^n    described 
nd  SO,L     The  relation 
id  will  he  made  more  e 


le  allied  rompoandi 
of  these  compounds 
ident  by  writing  t]ie 


A-.SO, 


Ho.Ci-SO„  ChSO^ 

248.  Sulphitrie  Acid.  //jO/SO,  or /V-yOr— The  follow- 
ing nw'lions  are  iniere^tiiig  a^  illusiruting  the  constitution  of 
tlii-i  important  acid,  altliougti  of  no  practical  ratue  ns  tactboda 
of  making  it : — 

mila  -J-  SO^=J/o^S0t.  [383] 

ff,0  +  S0^=  ff,O.SO^  [SM] 

ifffO/SO-^-  0-0  =  2JlrO,-S0r  [MS] 

SS+  iff-O-JVO,  =  2fffO,'SO^  4-  4.V0.     [M6] 
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IPor  ibe  u^es  of  the  arts  die  acid  is  moile  in  euormoiig  quantt- 

«  by  burning  sulpliur  iu  large  bricli  oveoa,  and  convi^ying  lUe 

ISOf  ibus  Turnied,  together  with  ateam  and  nitric  Rcid  fumea, 

gentjitxed  aimullaneoasly  [135],  into  large  cb ambers  tiued  with 


SO,  +  2WfO,  =  I£,SO^  +  2^■0p 

3J\'0,  +  M,0  =  iHNO^  +  NO. 

2N0^  0-0  =  2  NO, 


Joss 


[287] 

[288] 

[28!] 

These  reaciiona  may  he  repeated  indefinitely,  and  it  is  evi- 
dent iliat  the  ^ame  quantity  of  nitric  acid  would  serve  to  con- 
Ten  an  infinite  amount  ol'  SO,  into  HtSO,.  were  it  not  for  (he 
\oii  occaniont-d  by  the  conHInnt  draA  of  air  through  the  cham- 
The  reaction  consists  essentially  in  a  transfer  of  oxygen 
tbe  air  to  the  SO-^  the  nitrogen  compounds  acting  as  the 
ledialor.  and  the  drafl  yields  tlie  requisite  supply  of  ojiygen 
When  the  amount  of  aqueous  vapor  is  insufficient,  there 
forms  in  ihe  cbambera  a  white  crystalline  compound  of  some- 
what uncertain  composiiinn.  bat  lo  which  has  been  assigned  the 
symbol  {NO^tiiSOi^OSOj).  When  mixed  with  waier,  ihia 
compound  breaks  up  into  sulphuric  acid  and  nitrous  anhydride, 
■0  ihat  tbe  formation  of  ihe  acid  may  also  be  repre.^ented  by  the 
llowing  equations,  which  are  ihought  by  some  chemists  to  rep- 
;Dt  the  process  more  accurately  than  ihojC  given  aboce:  — 

SOt  +  'iHoNOj  =  Ho^SO^  +  iNO^  [290] 

ANOt  -f-  450,  +  O'O  =  2(NO^^'{SOfO-SO^.   [291] 

(2fO,)f(S0i-O-S0^  +  2ff,0  = 

2ffo^SO,-\-2f,0^    [292] 

SA',Oa  +  //,0  =  iJIoNO^  +  ^0.  [203] 

2.V0  +  0-0  =  2N0^  [2'J4] 

In  iDanufacturing  sulphuric  acid  iron  pyrites  is  now  frequently 

^ited  instead  of  sulphur.     This  ore,  burnt  in  kilns  ailHpied  to 

C  purpose, yields  a  plentiful  supply  of  S0„  which  is eonveriid 

o  sulphuric  aciil  in  lead  chambers  as  before.     The  acid  cirnwn 

1  the  cliambers  is  very  dilute,  and  for  most  uaea  must  be 
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concentrated  bj  evaporation,  which  is  b^gun  ii 
but  completed  in  retorts  of  glars  or  platinum.  The 
acid  thus  obiained  rorresponils  to  the  syrabol  J/^SO^  II  is  rii 
oily  liquid  (oil  of  vitriol),  Sp.  Gr.  =  1.842.  boiling  at  327'.  and 
cr^slullizing  at  a  low  temporaiure.  If  during  the  evaporation 
the  temperature  is  limited  to  205°  C.,  an  acid  is  obtained  uf  tlie 
composition  H^SO^ .  H^O,  and  Sp.  Gr.  1.78,  which  crystallises 
at  9°,  and  by  limiting  the  temperature  to  100°,  Htill  a  second 
ilefinite  hydrate  may  be  oblain<?d,  U,SO, .  '211,0,  which  hai  ^. 
Gr.  =^  1.62.  Oil  of  vitriol  may  be  mixed  wilb  water  in  any 
proportion,  and  the  hydration  of  the  acid  is  accompanied  by  a 
condensation  of  volume  and  a  great  evolution  of  heal,  the  tnnx- 
imum  of  condensation  and  (be  masimuni  of  heat  being  attained 
whea  the  proportions  are  such  as  to  form  the  second  liydratr. 
A  detlnitfl  Sp.  Gr.  corresponds  to  each  degree  of  dilution,  and 
tubk-s  have  been  prepared  by  which,  when  the  specific  gravity 
is  known,  the  strength  of  the  acid  may  be  determined.  The 
short  table  which  foUoivs  ^vea  all  the  data  required  for  tha 
problems  in  this  book:  — 


FwCwilof 

PnOcntof 

Pit  Cent  dT 

SOf 

100 

I.S4SS 

81.63 

50 

1.3980 

40.81 

93 

1.SST6 

77.65 

46 

1.S510 

S8.7B 

90 

1.8230 

78.47 

40 

1.3060 

SS.S3 

85 

1.7B60 

69.38 

35 

1.2640 

80 

1.7310 

6.V30 

SO 

1.2230 

76 

1.6750 

61.32 

25 

1.1820 

70 

1.G150 

57.14 

20 

1.1440 

16.11 

65 

1.5570 

53.05 

15 

1.1060 

ia.»4 

GO 

1.5010 

48.98 

10 

1.0680 

8.ie 

5S 

1.4480 

41.89 

5 

i.osao 

■1.0(1 

In  consequence  chiefly  of  its  strong  ailmciion  for  water,  sul- 
phuric Bcid  diMirganizes  and  blackens  both  animal  and  vegeta- 
IjIii  tissuca.  It  is  also  used  as  a  hygrosropic  agent,  and,  undrT 
limited  conditions,  for  the  dehydration  of  various  chemical  com- 
pounds. Its  action  on  different  chemical  agents  has  been  al- 
ready re  pea  led  I  y  illuslratwt.  (See  [64],  [231].  [265].)  Il 
forms  several  classes  of  salts,  as  is  illustrated  by  the  followbig 


k: 
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Btydro-wdic  Sulphate 
DiEodic  SulpLnte 
Soilic  DJ^ulpbnte 
Cupric  Sulpliate 
.Ferrous  Sulphate 
|Poliissio-fL«rrou9  Dii'ulphale 
AluQiinw  Sulpbuie 
Common  Alum 
Zincic  Sulphate 

Sulphate 

Sulphate 
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Nao,'SOj  and  with  10^0, 

Cuo'SO,.5H,0, 
Feo'S0^.7/f,0, 

Alj>HSO^)».  18/1,0, 
Zno^lSO, 

an  orthojulphiite,  but  salts  of  tlii^ 


last  may  be  regarded  a 
clasj  are  whotly  exceptional. 

2*9.  Nordfiausen  Stdpharxe  Acid,  Ifa,^(SOt-0-SO,).  L-orre- 
spending  to  ibe  disulphalea  in  constitution,  may  be  prepared  by 
diNSolving  SOf  in  If,SOf,  and  has  been  manufactured  Ibr  many 
jears  at  the  German  town  whence  it  takes  its  name,  by  ibe 
didtillaiion  of  ferrous  eulphate.  The  manufauture  of  sulphuric 
add  is  one  of  the  most  itnporlant  branches  of  industry  iu  a  civ- 
ilized rommunily,  as  there  is  hardly  an  art  or  a  trade  iulo  which, 
in  some  form  or  other,  it  does  not  enter. 

2.50.  Salphwrms  Chloride.  5jC7ip  — Yellow,  volatile,  fuming 
liquid,  formed  by  dii!lilling  sulphur  in  an  atmosphere  of  chlorine 
gas.  It  is  a  powerful  sulphur  solvent,  and  has  been  used  for 
vulcanizing  india-rubber.  It  is  decomposed  by  water,  but  mixes 
with  benzole  and  carbonic  sulphide.  Sulphuric  chloride,  SC% 
ftnd  several  oxychlorides  of  sulphur  are  also  known. 

251.  SELENIUM.  &  =  79.4.  TELLURIUM.  71!  = 
128.  —  Two  very  rare  elements,  closely  allied  to  sulphur,  but 

tseuting  such  difTerences  as  might  be  anticipated  in  ebments 
chemical  seriec.     They  form  compounds  with  hy- 

igen,  H^Se  and  H,Te,  analogous  to  If^S.  and  com|iounds  with 
'gen  Bud  hydrojien  resembling  sulphurous  and  sulphuric  acida. 

Selenium,  which  followa  in  the  serie^i  next  to  sulphur,  mani- 

ilB  its  relationship  in  many  ways.     The  elementary  subelance, 

'hich  in  its  ordinary  condition  is  a  brittle  solid  having  a  glassy 

:ture  and  a  dark  brown  color.  Sp.  Gr.  4.3,  may  be  oblained 

several  allotropic  states,  and  in  one  of  these,  when  its  Sp.  Gr. 
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^  4.8,  !t  has  ihe  wune  monocliuic  form  and  moleculftr  Tolume* 
ad  tlie  corresponding  condition  nf  sulplmr.  It  reudily  melts  at 
a  varj'ing  Ic  rape  rati)  re  above  100°,  iJepeniltng  on  its  condiiiun, 
and  at  700"  is  convtrted  into  a  dwp  yellow  vapor  which  tiu 
Iwen  observed  to  liave,  at  a  higli  temperalure,  Sp.  Gr.  ^  82.  It 
burna  in  the  air  with  a  blue  flatue,  forming  chiefly  •&(>,  anil 
emits  an  offensive  odor  resembling  putrid  horseradish.  Hydric 
Geleoide,  also,  is  a  gas  with  n  dkgu^ling  sraell.  which,  like  H^S, 
precipitates  many  of  the  metals  from  solutions  of  their  salts  u 
eelenidos.  Selenic  acid  is  a  thick  oily  liquid  like  sulphuric  ucid. 
and  many  of  the  selenates  cannot  be  di:.tin^uir'lii'd  by  mtirrly 
external  characters  from  the  corresponding  eulphutea.  Selc- 
niuni,  moreover,  U  almost  invariably  found  in  nature  associatd 
with  sulphur,  and  v,  extracted  from  the  residues  resulting  trooi 
the  treatment  of  sulphur  ores.  There  are,  however,  a  few  n,n 
,  minerals  which  consiiit  mainly  of  metallic  selenideii.  Among 
the  most  important  of  these  may  be  named  Clau^thalitc,  PbSi, 
Berzeliauiie,  CuSt,  Nnumannite,  Ag^Se,  nud  Onofriie,  JJifSt. 

When  we  descend  in  Uie  series  to  Tellurium,  we  find  root« 
marked  differences.  The  elementary  substance  has  a  »ilvcr> 
while  color,  a  bright  metallic  lustre,  and  outwardly  resembles  a 
metal.  It  is  closely  allied  in  many  of  its  physical  pmpcrtios  to 
bismuth.  It  crystallizes  in  rhombohedrons,  and  the  luinervl 
Teiradymiie  has  been  regarded  ns  an  ieomorphouE  mixtuni  of 
native  tellurium  with  native  bismuth.  Its  Sp.  (7r.^6.2,«nd 
its  aiomie  volume  is  very  much  nearer  that  of  bif^mulh  and  ao- 
titiiony,  than  that  of  selenium  atid  sulphur.  Keverthelt^s,  in 
other  relations  it  is  closely  allied  lo  eeleniura.  It  is  hard  and 
brittle,  a  poor  conductor  of  heal  and  clectribily.  It  fuses  be- 
tween Alb'  and  475°,  and  at  a  high  temperature  yields  a  yellow 
vapor  wliirh  has  n  spcrilic  gmvity  corresponding  to  the  inuleo- 
ular  formula  TfTr.  When  heated  in  the  air,  it  bums  witlta 
greenii'h  blue  flume,  and  i.t  converted  into  tellurous  nuhydride, 
TtOf  Lastly,  hydrir  t<!hiride  resembles  closely  hydric  «ele- 
nide,  nnd  the  salia  of  Iclluroiis  and  telluric  adds  are  Mmilar  lo  lbs 
correspond inj;  selenites  and  selenatcs ;  hut  telluric  ncid  does  not. 
like  wienie  acid,  tbrm  salts  corresponding  to  iho  alums,  and  il> 

1  Th«  qootlwilt  ohtnlneii  by  diiidlim  iho  mnlMnkr  waljlit*  of  JlBitnal 
•olid  (nbitanN*  by  Ilivlr  rr-pvriiT«  tptitlUe  gnviiln  tn-j  tM  NfarM  m 
pratiOTtlofikl » tboir  uitil*«iikr  voluiMt  in  tba  kiU4  (lain. 
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jmlts  are  lesB  stable.  Tellurium  is  the  chief  constituent  of  a  few 
native  compounds  which  are  highly  prized  as  minerals.  Be- 
sides Tetradjmite,  BhTe^  we  have  Hessite,  Ag^Tt,  Sylvanite, 
A^AuTe^,  Altaite,  PbTey  and  Nagjagite,  which  is  a  sulphotel- 
loride  of  lead  and  gold  of  somewhat  uncertain  composition. 
The  elements  of  this  group  form  then,  evidently,  a  very  well- 
marked  series,  in  which,  as  in  the  chlorine  series,  the  chemical 
energy  diminishes  as  the  atomic  weight  increases. 


Division  HI. 

252.  MOLYBDENUM.  Jtfb=96.  One  of  the  rarer  ele- 
ments,  but  not  unfrequently  met  with  in  the  mineral  kingdom, 
nsoally  in  combination  with  sulphur  forming  the  mineral  Molyb- 
denite, MoS^  which  BO  closely  resembles  foliated  graphite  that  # 
the  two  might  ea»ly  be  mistaken  for  each  other.  From  this 
mineral  we  readily  obtain  by  roasting,  at  a  low  red  heat  in  a 
eorrent  of  air,  molybdic  anhydride.  Mo  0^  which  is  the  most 
diaraeteristic  compound  of  the  element.  When  pure,  the  an- 
hydride is  a  pale  buff-colored  powder,  fusing  to  a  straw-colored 
glass  at  a  red  heat,  and  voladlizing  at  a  higher  temperature.  It 
IB  only  sparingly  soluble  in  water,  but  readily  dissolves  in  ordi- 
nary acids,  in  aqua  ammonia,  and  in  solutions  of  the  alkaline 
hydrates  or  carbonates,  and  forms  with  metallic  oxides  a  nu- 
merous class  (^  salts  called  molybdates.  Plumbic  noolybdate 
(Wulfenite),  Pb-OiMoO^  is  sometimes  found  in  beautiful  yel- 
low or  red  crystals  associated  with  other  lead  ores,  and  molyb- 
date  of  ammonia,  {NH^^O^MoO^  is  much  used  in  the  labor- 
atory as  a  test  for  phosphoric  acid.  Besides  MoO^^  the 
element  also  forms  compounds  with  one  and  with  two  atoms 
af  oxygen,  MoO  and  MoO^  which  act  as  basic  anhydrides, 
snd  there  is  also  an  intermediate  oxide  having  a  beautiful 
hloe  color,  and  another  having  a  dull  green  color,  which  are 
formed  by  the  action  of  SnCl^  and  other  reducing  agents  on 
acid  solutions  of  the  molybdates,  and  the  accompanying  change 
of  color  serves  as  a  very  striking  test  for  molybdenum*  In  so- 
ladons  of  molybdic  acid  or  of  molybdates,  when  acidified  with 
hydrochloric  acid,  H^S^  gives  a  brownish-black  precipitate  of 
MoS^  and  there  is  still  a  third  sulphide,  MoS^  which,  as  well 

14»  u 
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as  the  last,  acts  as  a  sulphur  acid.  There  are  also  two  chlorides^ 
Mo  Cl^  and  Mo  Cl^.  The  elementary  substance  is  a  brittle  silver- 
.white  metal  {Sp.  Gr,  =  8.6),  which  is  unalterable  in  the  air  and 
•very  infusible.  It  can  be  obtained  without  difficulty  by  redii- 
cing  the  oxides  with  charcoal  or  hydrogen,  but  unless  Uie  tem- 
perature is  vei7  high  the  metal  is  left  as  a  gray  powder.  The 
name  is  from  the  Greek,  and  signifies  ^  a  mass  of  lead." 

253.  TUNGSTEN.  W=  184.  — This  element  occurs  in 
tolerably  large  quantities  combined  with  calcium  in  the  mineral 
Scheelite,  XJa  WO^y  and  with  both  iron  and  manganese  in  Wol- 
fram, of  which  there  are  two  varieties,  2Fe  WO^  -f-  3Mn  WO^ 
and  AFe  WO^  -\-  Mn  WO^.  Both  minerals  are  decomposed  by 
adds,  and  by  this  means  we  readily  obtain  tungstic  anhydride, 
WO^f  a  yellow  powder  insoluble  in  water  and  acids,  but  readily 
dissolving  in  ammonia  and  solutions  of  alkaline  hydrates,  and 
•  even  decomposing  with  effervescence  the  alkaline  carbonates, 
when  heated  in  solutions  of  their  salts.  From  a  boiling  alkaline 
solution  of  tungstic  anhydride  the  common  acids  throw  down  a 
yellow  precipitate  of  tungstic  acid,  H^  WO^.  This  acid  forms 
with  bases  a  numerous  class  of  salts  called  tungstates,  which, 
although  of  little  practical  importance,  are  theoretically  very 
interesting,  and  have  been  the  object  of  careful  investigation. 
There  are  several  (at  least  two)  distinct  types  of  these  salts, 
and  there  are  also  two  modifications  of  tungstic  acid ;  for,  be- 
sides the  ordinary  insoluble  condition,  both  molybdic  and  tung- 
stic acids  have  been  obtained  in  a  colloidal  condition,  in  which 
they  are  very  soluble  in  water  (57).  The  tungstates  have  the 
same  crystalline  form  as  the  corresponding  molybdates  and  a 
tungstate  of  lead,  isomorphous  with  Wulfenite,  is  a  well-known 
mineral  called  Scheeltine.  Besides  WO^  there  is  an  oxide,  WOf, 
which  also  acts  as  an  acid  anhydride,  and  there  is  also  an  inter- 
mediate oxide  of  a  splendid  blue  color,  which  may  be  produced 
by  the  action  of  reducing  a^i^ents  on  the  anhydride  or  the  soluble 
tungAtates.  Tungsten  is  not,  like  molybdenum,  precipitated  by 
ff^,  but  the  sulphide,  WS^f  has  been  prepared  artificially,  and 
resembles  very  closely  the  native  molybdenite.  There  is  sko 
a  sulphide,  WS^  and  there  are  two  volatile  chlorides,  WCl^  and 
WClft.  The  metal  itself  (Sp.  Gr.  17.6)  is  easily  reduced,  but, 
in  consequence  of  its  great  infusibility,  cannot  be  obtained  in  a 
compact  state  except  at  a  very  high  temperature.     It  has  an 
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iron-gray  color,  and,  when  alloyed  with  steel  to  the  extent  of  8 
or  10  per  cent,  renders  the  metal  exceedingly  hard.  The  com- 
pounds neither  of  tungsten  nor  of  molybdenum  have  found  any 
important  applications  in  the  arts,  although  sodic  tungstate  has 
been  used,  mixed  with  starch,  in  finishing  cambrics,  because  it 
has  been  found  to  render  these  light  fabrics  less  inflammable. 
The  name  tungsten  had  a  Swedish  origin,  and  signified  in  the 
original  ^  heavy  stone." 

Questions  and  Problems. 

1.  What  is  the  per  cent  of  sulphur  in  gypsum  and  iron  pyrites  ? 

Ans.  18.6  per  cent  and  53.33  per  cent 

2.  Write  the  symbols  of  the  difierent  classes  of  sulphides. 

8.  Express  by  graphic  symbols  the  constitution  of  the  various  sul- 
phhr  radicals. 

4.  What  are  the  atomic  volumes  of  the  two  crystalline  varieties  of 
■olphmr?  Ans.  15.60  and  16.16. 

5.  By  heating  10.000  grammes  of  silver  in  the  vapor  of  sulphur, 
Dumas  obtained  11.4815  grammes  of  argentic  sulphide.  What  is  the 
atomic  weight  of  sulphur  ?  What  assumption  is  made  in  your  calcu- 
latioo,  and  what  ground  have  you  for  this  assumption  ? 

Ans.  32.000. 

6.  What  is  the  specific  gravity  of  H^S  gas  referred  to  hydrogen 
and  to  air?  Ans.  17  and  1.1764. 

7.  What  weight  of  sulphur  is  contained  in  one  litre  of  II^S  ? 

Ans.  1.434  grammes. 

8.  How  much  antimonious  sulphide  is  required  for  the  preparation 
of  one  litre  of  hydric  sulphide  ?  How  much  to  prepare  340  grammes  ? 

Ans.  5.076  grammes,  1133.33  granmies. 

9.  What  volume  of  oxygen  gas  is  required  to  bum  one  litre  of 
£^,  and  what  are  the  volumes  of  the  aeriform  products  V 

Ans.  1\  litres  of  oxygen  gas,  one  litre  of  aqueous  vapor,  and  one 
df  sulphurous  anhydride. 

10.  One  litre  of  (H^  +  Aq)  saturated  at  0""  will  absorb  what 
Tolome  of  oxygen  gas,  and  will  yield  what  weight  of  sulphur  ? 

Ans.  2.185  litres,  6.263  grammes. 

11.  Assuming  that  a  solution  of  iodine  in  a  solution  of  potassic 
iodide  has  been  prepared  of  known  strength,  how  may  this  be  used 
to  measure  the  quantity  of  H^S  in  a  mineial  water  ? 


324  QUESTIONS  AKD  PBOBLEUS. 

12.   The  fpecifie  gravity  of  hjdric  sulphide  has  been  fixind  bj 
periment  to  be  17.2,  and  by  reaction  [243]  it  is  shown  that  one  t 
ume  of  the  gas  contains  an  equal  volume  of  hydrogen.     Show 
these  results  agree  quite  closely  with  the  molecular  symbol  assigns 
to  the  compound.     How  do  you  explain  the  slight  discrepancy  ? 


13.  Write  the  peactioDS  by  which  hydric  sulphide  is  formed 
calcic  sulphate. 

14.  Write  the  reaction  by  which  NH^Hb  may  be  formed 
aqua  ammonia. 

15.  Write  the  reaction  of  H^S  gas  on  solution  of  plumbic  ace 
and  calculate  what  volume  of  {U^S  -]r  Aq)  saturated  at  0°  would 
required  to  precipitate  0.207  grammes  of  lead. 

Ans.  5.109  c.~m.*  of  ^,5  -|*.  Aq. 

16.  Write  the  reaction  of  H^S  on  solution  of  acetate  of  duo 
What  inference  would  you  draw  from  the  fact  that  Zn  m  precipitated 
by  this  reagent  from  an  acetic  acid  solution,  while  Fe  and  Mn  an 
not? 

17.  Into  what  groups  may  the  metallic  radicals  be  divided  by 
means  of  the  two  reagents  hydric  sulphide  and  amnionic  sulphide, 
and  how  must  the  reagents  be  used  in  order  to  separate  these  groups 
from  a  given  solution  ? 

18.  In  reducing  28  grammes  of  iron  from  the  oon<fition  of  fenio 
to  that  of  ferrous  chloride,  how  much  sulphur  is  precipitated  ? 

Ans.  8  grammea 

19.  Analyze  the  reactions  [248]  and  [249],  and  show  how  the 
HtS  gas  acts  as  a  reducing  agent  in  each  case. 

20.  Write  the  reaction  of  hydrochloric  acid  on  sodic  bisulphide. 

21.  Represent  by  graphic  symbols  the  constitution  of  the  variooi 
potassic  sulphides. 

22.  Analyze  reactions  [250]  to  [263]. 

23.  Write  reaction  when  sulphur  and  milk  of  lime  are  boiled  tlh 
gether,  assuming,  first,  that  CaS^,  and  second,  that  Gi5,,  is  produced. 

24.  Write  reaction  when  sulphur  and  calcic  hydrate  are  melted 
together,  assuming  that  CaS^  and  CaSO^  are  produced. 

25.  Represent  by  graphic  symbols  the  composition  of  the  com- 
pounds of  sulphur  and  oxygen. 

26.  Is  the  quantivalence  of  sulphur  in  the  sulphites  and  hypoiDl- 
phites  the  same  as  in  the  sulphates,  &c.  ? 
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97.  Wliftt  folixme  of  mlphnrotifl  anhjrdrida  would  be  formed  by 
baming  2.8^72  gnunmea  of  Balphar  ?  Ads.  2  litres. 

28.  It  has  been  observed  that  wben  stdpbnr  burns  in  oxygen  the 
tolnme  of  the  product  is  the  same  as  tl^e  initial  volume  of  oxygen 
gas.  It  has  been  found  by  experiment  that  the  Sp.  6r.  of  sulphur- 
ous anhydride  equals  82.25.  How  do  these  facts  correspond  with  the 
molecular  symbol  usually  assigned  to  the  compound  ?  What  is  the 
Of-  ©r.  of  50,  referred  to  air  ?  Ans.  2.234. 

29.  How  much  mercury  is  required  to  make  one  litre  of  SO^  ? 

Ans.  8.96  grammes. 

80.  Leaving  out  of  view  the  value  of  the  mercury  used,  as  it  may 
be  easily  reeovered,  by  which  of  the  two  reactions  [265]  or  [266] 
may  SO^  be  most  profitably  prepared  ? 

81.  How  much  MnO^  would  be  required  to  yield  by  reaction  [267] 
sufficient  SO^  to  neutralize  1.29  grammes  of  sodic  carbonate? 

Ans.  1.059  granmics. 

82.  Point  out  the  volumetric  relations  in  reaction  [268]. 

33.  Are  the  conditions  under  which  the  reaction  [269]  is  obtained 
IB  any  way  peculiar  ? 

84k.  Compare  reactions  [271]  and  [272],  and  inquire  whether  a 
method  of  volumetric  analysis  based  upon  them  might  not  be  devised. 

85.  Represent  by  graphic  symbols  the  sulphites  whose  symbols  are 
givea  in  (244). 

86.  The  refuse  lime  of  the  gas  and  alkali  works  contains  calcic 
disulphide,  CaS^  In  what  way  would  this  be  changed  by  exposure 
to  the  air  into  calcic  hyposulphite,  and  how  from  this  product  could 
•adic  hyposulphite  be  prepared  V 

87.  Write  the  reaction  of  hydrochloric  acid  on  sodic  hyposulphite, 
knowing  that  hypoeulphurous  acid,  when  liberated,  breaks  up  into 
sulphurous  anhydride  and  sulphur. 

88.  The  specific  gravity  of  the  vapor  of  sulphuric  anhydride  has 
been  found  by  experiment  to  be  39.9.  How  does  this  agree  with  the 
theoretical  value  ?  Compare  the  densities  of  O-Oj  iSO,,  and  SO^  as 
regards  the  relative  degree  of  condensation  in  each. 

89.  What  are  the  relations  of  the  compounds  iS0,C7„  SO^ClHOy 
SO,,  and  H^SO^  to  each  other  ? 

40.  Analyze  the  two  sets  of  reactions  [287  et  seq."]  and  [290  et  seq.'ji 
and  show  from  whence  the  oxygen  required  to  oxidize  the  sulphur- 
ous acid  is  derived,  and  what  part  the  oxides  of  nitrogen  play  in  the 
process. 
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41.  In  the  procen  of  making  oxygen  gas  from  flolphoric  aeid,  from 
whence  is  the  oxygen  in  the  first  instance  derived?  Might  not 
the  same  quantity  of  acid  be  made  to  yield  an  indefinite  Bopply 
of  gas? 

42.  It  appears  by  experiment  that  the  Sp.  Gr.  of  H^SO^  vapor  m 
24.42.  How  does  this  agfee  with  theory,  and  how  do  yon  explain, 
the  discrepancy  ? 

43.  It  has  been  found  by  exact  experiments  that  100  parts  of  lead 
yield  146.45  parts  of  plumbic  sulphate.  What  is  the  molecular 
weight  of  sulphuric  acid  ?  What  assumption  does  your  calculation 
involve  (68)  ?  Why  do  you  regard  this  result  as  more  trustworthy 
than  that  of  the  last  problem  ?  Ans.  98.16. 

44.  How  do  the  symbols  of  the  hydrates  of  sulphuric  acid  compare 
with  those  of  the  crystalline  salts  of  this  acid  ? 

45.  Write  the  symbols  of  sulphuric  acid  and  its  two  hydrates,  rep- 
resentiug  them  as  compounds  of  SC\  with  hydroxyl.  Point  out  the 
distinction  between  the  ortho  and  meta  acids,  and  show  that  a  ami* 
lar  distinction  may  be  made  among  the  salts. 

46.  How  many  litres  of  sulphuric  acid,  Sp,  Gr,  =—  1.615,  can  be 
ma^e  from  1,000  kilos,  of  pyrites,  assuming  that  all  the  sulphur  in  the 
mineral  is  burnt?  Ans.  1444.4  litres. 

47.  How  much  snlphnric  acid  by  weight,  Sp,  Gr.  &»  1.501,  will  be 
required,  1st.  To  neutralize  53  grammes  of  sodic  carbonate?  2d.  To 
dissolve  32.6  grammes  of  zinc  ?  3d.  To  precipitate  completely  2.0S 
grammes  of  baric  chloride  ? 

Ans.  81.666  grammes,  81.666  grammes,  1.683  grammes. 

48.  Represent  the  constitution  of  the  various  sulphates  by  graphic 
symbols. 

49.  In  what  does  the  symbol  of  dizincic  sulphate  differ  firom  that 
of  a  sulphite  ? 

50.  If  the  specific  gravity  and  molecular  weight  of  a  solid  sub- 
stance be  given,  how  can  you  find  the  molecular  volume  of  the 
substance  in  the  solid  condition  ? 

51.  How  does  the  molecular  volume  of  Pulphur  compare  with  that 
of  selenium,  1st.  In  the  solid  condition?  2d.  In  the  cxystalline 
dition? 

52.  What  is  true  of  the  mo] 
•late  of  gas? 

M.  Compare  the  molecola] 
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54.  What  are  the  analogies,  and  what  are  the  chief  points  of  dif- 
ference between  scdphur,  selenium,  and  tellurium  ? 

65.  Write  the  reaction  of  hydric  selenide  on  a  solution  of  plumbic 
acetate,  also  of  potassio  selenate  on  a  solution  of  baric  chloride  ? 

56.  Write  the  reaction  when  Molybdenite  is  roasted  in  the  air. 

67.  Write  the  reaction  of  H^  on  a  solution  of  mdybdio  acid  in 
hydrochloric  acid. 

68.  What  IS  the  relative  proportion  of  tnngstic  anhydride  in  the 
two  Tariedes  of  Wolfram  ?  Ans.  76.47  to  76.88  %. 

69.  Write  the  reaction  of  hydrochloric  acid  on  Scheelite. 

60.  In  what  respects  does  tungsten  resemble  molybdenum  ? 

61.  What  is  the  atomicity  of  tungsten  and  molybdenum,  and  what 
is  the  prevailing  quanti valence  in  each  case  ? 


^n^ 
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Division  IV. 

254.  COPPER  Cu  =  63.5.  —  Dyad.  One  of  the  most 
abundant  metals,  and  known  from  great  antiqoitj.  Of  its  ores, 
bj  far  the  most  important  is  Ck>pper  Pyrites,  Fe^S^'Cky  whidi 
is  found  to  a  greater  or  less  extent  in  almost  all  coantriesL 
This  mineral  resembles  iron  pyrites,  but  is  distinguished  from 
it  by  greater  softness  and  a  ruddier  tint  The  smeking  of  the 
ore  is  a  complex  process,  and  consists  in  an  alternating  series 
of  roastings  and  meltings,  during  which  the  iron  passes  into  the 
slags,  while  the  copper  accumulates  in  the  successive  '^matteSy* 
as  they  are  called,  until  at  last  a  nearly  pure  sub-sulphide  is 
obtained.  This  is  now  heated  in  a  current  of  air  until  the  metal 
is  partially  oxidized,  and  then  the  mass  is  melted,  when  the 
following  reaction  results: — 

2CuO+  ^^2S  =  4«i  +  5^0^  [295] 

The  crude  metal  thus  obtained  must,  however,  be  subsequently 
refined.  To  this  end  it  is  first  kept  melted  in  the  air  for  many 
hours,* until  all  the  impurities  are  oxidized;  and  then  the  oxides 
of  copper,  formed  at  the  same  time,  are  reduced  by  submitting 
the  mass  to  the  action  of  carbonaceous  gases,  which  are  gener- 
ated by  thru>ting  a  stick  of  green  wood  under  the  molten  metal 

255.  Metallic  Copper,  Cu,  —  Found  native  crystallized  in 
forms  of  the  isometric  system.  Has  a  brilliant  lustre,  and  a 
familiar  reddish  color.  Has  great  hardness  and  tenacity.  Is 
very  ductile  and  malleable,  and  one  of  the  best  conductors  of 
heat  and  electricity.  Sp.  Gr.  8.8.  Fuses  at  about  780**.  Vol- 
atilizes only  at  a  very  high  temperature.  Its  vapor  bums  with 
a  beautiful  green  fiame,  which  shows  in  the  spectrosco|)e  char- 
acteristic bands.  Under  ordinary  conditions  copper  nndergoefl 
no  chancre  in  the  atmosphere,  but  if  heated  to  redness  in  the  air 
it  is  rapidly  oxidized.  In  presence  of  acids  or  solutions  of  chlo- 
rides, like  sea-water,  copper  absorbs  oxygen  from  the  air  at  the 
ordinary  temperature,  and  is  more  or  less  rapidly  corroded.  A 
similar  efiect  is  also  produced  by  aqua  ammonia  and  solutions 
of  ammonia  salts.  Out  of  contact  with  the  air,  dilute  hydro- 
chloric or  sulphuric  acids  have  but  little  action  upon  metallic 
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copper.  If  boiiied  with  strong  Ii  jchroefal<Nic  acid,  it  very  slow!  j 
didsoifves  with  the  evolution  of  h jdipogen  gas.  Under  the  same 
eondkiens  sulphurie  acid,  if  not  too  dilate,  i»  decomposed  by  it, 
eupric  sulphate  is  formed,  sulphuroue  acid  19  evolved,  and  the 
reaction  is  similar  to  [265].  Nitric  acid  is  the  best  solvent, 
but,  singu^rlj,  the  8tronp:e8t  acid  has  no  action  on  the  metal. 
When  ctiluted  with  water,  however,  the  action  is  very  violent ; 
eupric  nitrate  is  formed,  and  a  gas  is  evolved  which  is  generally 
NO ;  but  when  the  acid  is  very  dilute  this  product  is  more  or 
less  mixed  with  N^O. 

256.  Oujnic  Oxides.  [  OwJ  O  and  OuiO.  —  Both  of  which  act 
as  basic  anhydrides,  altlK)ugh  the  salts  of  the  second  are  by  far 
tfce  most  stable  and  important  compounds.  [  C^]  O  has  a  red 
color,  and  when  melted  into  glass  imparts  to  it  a  beautiful  ruby 
or  purple  color.  It  is  the  Red  Oxide  of  Copper  of  mineralogy, 
and  is  found  massive  and  beautifully  crystallized  in  various 
forms  of  the  isometric  system,  also  in  splendid  capillary  tufls 
(Chalcotiicbite).  CuO  \s  black,  but  imparts  to  glass  a  green 
color.  It  is  found  sparingly  in  nature,  rarely  crystallized 
(Black  Oxide  of  Copper,  or  Melaconite).  May  be  prepared  by 
roasting  copper  or  igniting  the  nitrate.  Is  very  easily  reduced 
by  hydrogen  [67]  or  carboniKieous  materials,  and  is  much  used 
as  an  oxidizing  agent  in  the  process  of  organic  analysis.  The 
following  reactions  illustrate  some  of  the  relations  of  these 
oxides  and  their  hydrates :  — 

When  coM,  {Ou-O^-SO^  -f  2K'0-ff+  Aq)  = 

Cu=Os=Hs  +  (K,=  02=S0,  +  Aq).  [296] 

ByboiUng,  ((^^0,=^,+ J9^)=CuO+(^30+^y).   [297] 

Blue.  Black. 

By  boiling  with  grape  sugar, 

{2Cu''0fS0^-\-  4tK-0-ff—  0+Aq)  = 

[CH2]0+  {2Ki^0^-S0^-\'  2B^0  '\-  Aq).  [298] 

Bed. 

An  orange-yellow  hydrate,  Al^Oii^'jO .  H2O,  is  precipitated  on 
first  warming  the  liquid,  but  this  is  rendered  anhydrous  by 
boiling. 

257.  Cupric  Sulphate  (Blue  Vitriol).  Cit-O^'SO^ .  bH^O.— 
The  most  important  soluble  salt  of  copper.  Although  when  pure 
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it  alwaTS  orjstallizes  with  five  moleoales  of  water,  as  abo^  yet 
it  IB  capable  of  forming  isomorphoas  mixtures  with  ferrous  sul- 
phate, Fe^Oi'SO^ .  IH^O.  When  in  this  mixture  the  copper  is 
in  excess,  the  crystals  take  hH^O  and  the  form  of  cupric  sul- 
phate (Fig.  28).  If,  however,  the  iron  is  in  excess,  they  take 
IH^O  and  the  form  of  ferrous  sulphate,  similar  to  Fig.  26.  The 
anhydrous  salt  is  white,  but  becomes  blue  on  uniting  with  water, 
for  which  it  has  a  very  strong  affinity.  Of  the  five  molecules 
of  water  with  which  the  crystalline  salt  is  united,  one  is  held 
much  more  firmly  than  the  other  four,  and  may  be  replaced  by 
a  molecule  of  an  alkaline  sulphate.  This  gives  a  reason  for 
writing  the  symbol  of  the  salt  thus,  Ho^Guo^O .  ^H^O.  la 
like  manner  the  symbols  of  several  so-called  basic  salts  may  be 
written  thus, 

Ho,{OuOJI\^SO, 
Ho^{CuOJI)^  (Brochantite), 
Ho,{CuO^\lS.2H^O, 

in  which  the  group  CaO^H  ^cis  as  a  monad  radical  From 
solutions  of  cupric  sulphate  the  copper  is  readily  precipitated 
by  Zn  or  Fe, 

Zn  +  {CuSO,  +  Aq)  =  Cn  +  {ZnSO^  +  Aq).  [299] 

258.  Carbonates,  —  Malachite,  (C^O^i^),"  (70.  Same  com- 
pound may  be  obtained  by  mixing  hot  solutions  of  cupric  sul- 
phate and  sodic  carbonate.  Azurite,  Cuo^^a^^t^O^  or 
Ho,Cuo-G-Ouo'G^OuoyHo.  Mysorin,  OuaJ^O.  The  normal 
carbonate  is  not  known. 

259.  Nitrates.  —  Ouo-{NO^^ .  ^H^O  when  crystallised  be- 
low 60°,  and  (hu>-{NO^)^ .  ^H^O  when  crystallized  above  60*, 
a  deliquescent  blue  salt  A  green  basic  nitrate  has  the  symbol 
JK>3,(  Ca  0^)^OuormNtO. 

2G0.  Cupric  Phosphate^  Guo^l{PO)^  is  obtained  on  adding 
a  solution  of  sodic  phosphate  to  a  solution  of  cupric  sulphate. 

261.  Oitpric  Silicate.    DioptBLae,  Ho,{CuOfkySiO. 

262.  Sulphides:  — 

Copper  Glance  [,Cu^Sj 

Covelline  (Indigo  Copper)  CuS^ 

Copper  Pyrites  Fe'S^'OUf 

Erube^cite  Fe  -S^'H  (3ii,]  -5-[  CkJ)* 

Tetrahedrite  [  C^LSti^A^ .  ZnS. 
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When  HJS  is  passed  through  the  solution  of  a  copper  salt,  a 
black  precipitate  falls  having  the  composition  Cu^S^Ho^  which 
rapidly  oxidizes  in  the  air. 

263.  FluahydraU  of  Copper.  {OuOH)-Fl 
Chloride,  —  Cuprous  Chloride,  [Ou^  Cl^  White  compound, 
insoluble  in  water,  crystallizes  in  tetrahedrons.  Cupric  Chloride, 
GuClf .  2HgOy  crystallizes  in  green  needles,  very  soluble  in  both 
water  and  alcohol.  Cupric  Oxichloride,  (  Ou^  Os)*'  (\ .  4^  0,  is 
much  used  as  a  paint  (Brunswick  green),  and  the  mineral  Atac* 
amite  is  the  same  compound,  with  only  one,  or  at  most  two^  mole- 
cules of /^O. 

264  Cupric  Hydride,  CuHf^A,  brown  powder,  which  gives, 
with  hydrochloric  acid,  the  following  remarkable  reaction : — 

CuH^  +  (2HCI -^  Aq)  =  {CuCk-^  Aq) '\r  2H'K    [300] 

265.  AmmonicUed  Compound*,  —  When  a  solution  of  ammo- 
nia or  of  ammonia  carbonate  is  added  to  a  solution  of  a  salt  of 
copper,  the  light-green  precipitate  first  produced  readily  dis- 
solves in  an  excess  of  the  reagent,  producing  a  deep-blue  solu- 
tion ;  and  this  striking  coloration  is  one  of  the  most  characteristic 
tests  of  the  presence  of  copper.  The  effects  are  caused  by  the 
Ibrmation  of  certain  remarkable  compounds,  in  which  a  portion 
of  the  hydrogen  of  the  ammonia  appears  to  have  been  replaced 
by  copper.     The  following  are  a  few  examples: — 

(ff^ff^B^rl  Ou^D-  Clr      {H^H^{NH,)^,-l  «i  J)«4 
{H^H^H^^-CuyCl^         (H^^(NH,)^,'Cu)SO, ,  H^O. 

266.  CharacterisHe  Reaxiions,  — The  presence  of  copper  in 
a  solution  may  be  readily  detected,  not  only  by  ammonia  as  in- 
dicated above,  but  also  by  the  action  of  polished  iron  (a  needle, 
for  example),  which,  in  a  feebly  acid  solution,  soon  becomes 
covered  with  a  red  metallic  coating.  Copper  ores,  when  mixed 
with  fiuxes,  are  readily  reduced  on  charcoal  before  the  blow- 
pipe, and  this  is  one  of  the  best  means  of  recognizing  such 
compoundf^. 

267.  Usee,  —  Besides  the  numerous  uses  of  the  metal  itself, 
copper  is  employed  in  the  arts  still  more  extensively  when 
alloyed  with  other  metals.  The  varieties  of  brass  and  yellow 
metal  are  alloys  of  copper  and  zinc  in  different  proportions, 
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while  bronze,  bell-metal,  gun-metal,  and  speculum-metal  are  all 
essentially  allojs  of  copper  and  tin.  Several  of  the  compooidk 
of  copper  are  much  used  as  paints. 

268.  MERCURY.    ^  =  200 Dyad.    This  element  is 

not  widely  disseminated,  bat  its  ores  are  abundaat  ia  a  few  lo- 
calities, of  which  the  most  noted  are  Idria  in  Austria,  AlmadeA 
in  Spain,.  New  Almaden  in  California,  and  Huaneavelica  in  Pen. 
The  ores  at  all  these  localities  ccmsist  chiefly  of  Cinnabar,  H^ 
but  they  frequently  contain  a  small  quantity  of  the  metal  la  tki 
native  state.  They  are  easily  smelted,  the  sulfbnr  of  the  on 
serving  as  fuel.  The  assorted  ores  are  arranged  in  layers  in 
kilns  of  peculiar  construction,  and  the  mass  kindled)  with  bnigh- 
wood.  As  the  sulphur  burns  away,  the  mercury  is  volatilize^ 
and  the  products  thus  formed  are  passed  through  earthen  pipes 
(^aludeld")  or  brick  chambers,  which  condense  the  mercury 
▼apor,  while  the  SO^  gas  escapes  into  the  atmosphere. 

HgS-\-  0-0=Hg-\-  STO,  [301] 

In  the  Palatinate,  mercury  is  obtained  from*  cinnabar  by  mixing 
the  ore  with  slaved  lime  and  distilling  in  iron  retort& 

4ffgS-{-ACaO  —  3CaS-\-  CaSO^-\- Hg.      [302} 

269.  MetaUic  Mercury,  Hg,  —  The  only  metal  liquid  at  or- 
dinary temperatures.  Freezes  at  — 40®.  Boils  at  SoO**  and 
evaporates,  but  only  with  exceeding  slowness  at  the  ordinary 
temperature.  Sp.  Gr,  of  liquid,  13.596.  Sp.  Gr.  of  vapor  by 
experiment,  100.7.  Has  a  brilliant  metallic  lustre,  silver-white 
color.  In  solid  condition  is  malleable,  crystallizes  in  octahedrons, 
Sp^  Gr,  14.4.  In  contact  with  the  air  pure  mercury  undergoes 
no  change  at  the  ordinary  temperature,  but  if  boiled  in  the  at* 
mosphcre,  it  is  slowly  converted  into  HgO.  Hydrochloric  acid 
is  without  action  on  the  metal,  and  the  same  is  true  of  dilute 
sulphuric  acid.  Strong  sulphuric  add,  however,  ia  decomposed 
by  it  [265].  The  best  solvent  is  nitric  acid,  which  yields  dif*' 
ferent  products  acconlin<?  to  the  proportions  of  metal,  acid,  and 
water  used.  Chlorine,  Bromine,  Iodine,  and  Sulphur  all  enter 
into  direct  union  with  mercury.  By  simple  trituration  the  liquid 
metal  admits  of  being  mechanically  mixed  in  a  state  of  minute 
subdivision  with  chalk  and  with  saccharine  or  oleaginous  sob* 
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stances,  and  many  important  pharmaeeutical  preparations  are 
Blade  in  this  way,  —  blue-pills,  mercurial  ointisents,  etc. 

270.  Oxides  of  Mercury.  —  Mercurous  Oxide,  \^Hg^O. 
Biack  powder,  very  unstable.  Decomposed  >bj  exposure  to  light 
or  to  a  very  gentle  heat  [^j]0  =  HgO  -|-  Hg,  Mercuric 
oxide,  /i^O.  Red  crystalline  scales  or  yeilow  (powder,  according 
to  mode  of  preparation.  Stable  compotMid,  but  decomposed  at 
red  heat' into  mercury  and  oxygen  £228].  No  corresponding 
hydrates  are  known,  but  both  oxides  form  stable  salts. 

271.  Nitrates,  —  Mercurous  nitrate  is  obtained  by  dissolving 
metallic  mercury  in  an  excess  of  nkric  acid  diluted  with  four  or 
five  times  its  bulk  of  water.  Mercuric  nitrate  is  be^t  obtained 
by  dissolving  mercuric  oxide  in  an  excess  of  nitric  acid.  These, 
like  other  salts  of  mercury,  tend  to  form  basic  compounds. 

Mercurous  Nitrate  [,Hgi\ = O^^N^  0^ .  2/^0, 

Dimercurous  Nitrate  ([-fl&a]"^"[^2])'^r-^^4» 
Trimercurous  Dinitrate 

iiH92\-0-lHg,'\-0-iHg,'\yO,^{N,0^'0-N,0:i  .  321,0, 

Mercuric  Nitrate  Jig  -  O^^N^  0^ .  2H^  0, 

Dimercuric  Nitrate  {Hg  -  0  Hg)  -  0  ^-N^  0^ .  2H^  0, 

Trimercuric  Nitrate  {Hg-OHg-O -Hg) « 0^-N^ O^.H^O. 

A  solution  of  mercurous  nitrate  with  caustic  soda  gives  a 
black  precipitate  of  mercurous  oxide. 

(IHg^l-Or^^O,  +  2Na'0'H-{-  Aq)  = 

lHg,-]0-{-  (2Na'0-N0^  +  H^O  +  Aq).  [303] 

A  solution  of  mercuric  nitrate  with  caustic  soda  gives  a  yel- 
low precipitate  of  mercuric  oxide. 

{Hg-0,fN^O^  +  2Na-0-H+  Aq)  — 

HgO  +  {2Na-0-N0,  -{-H,0-\-  Aq).  [304] 

Mercurous  nitrate,  if  heated,  is  converted  into  the  red  crys- 
talline variety  of  mercuric  oxide. 

IHg^'OrN.O,  =  2HgO  +  2N0,  [305] 

272.  Stdphates.  -—  When  mercury  is  gently  heated  with  an  ex- 
cess of  strong  sulphuric  acid,  Mercurous  Sulphatei  [^s]'  O^SO^ 
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is  formed;  bat  if  the  heat  be  increased,  and  the  evaporalioD 
carried  to  dryness,  the  first  product  is  changed  into  Mercoiie 
Sulphate,  Hg-O^SO^  which  is  a  white  ciystalline  powder, 
readily  dissolving  in  a  solution  of  common  salt,  but  deoomposed 
by  pure  water  into  a  soluble  acid  and  an  insoluble  basic  sak. 
The  last  is  known  as  turpeth-mineraL  It  has  a  yellow  coki^ 
and  its  composition  is  expressed  by  the  symbol, 

(HgO-Hg-O-HgyOi-SOr 

Mercurous  sulphate  is  also  prepared  for  the  manufacture  of 
calomel  by  triturating  together  mercuric  sulphate  with  a  quan- 
tity of  mercury  equal  to  that  which  it  already  contains. 

278.  Sulphides.  —  Mercurous  Sulphide,  [^ffg^Sy  obtained 
as  a  black  precipitate  on  passing  IfiS  gas  through  the  solution 
of  a  Mercurous  salt.  Very  unstable,  like  the  corresponding  oir 
ide.  Mercuric  Sulphide  (Vermilion,  Cinnabar),  HgS,  is  pre- 
cipitated by  the  same  reagent  from  the  solution  of  a  mercuric 
saH.  This  precipitate  is  also  black,  but  when  sublimed  the  sub- 
stance acquires  the  peculiar  vermilion  tint  Vermilion  is  usually 
prepared  by  rubbing  together  mercury  and  sulphur,  and  sub- 
liming the  black  product.  Crystals  are  frequently  thus  obtained 
identical  in  form  with  those  of  natural  cinnabar  (76). 

274.  Chlorides.  —  Merrurous  Chloride,  [^J  Cl^  may  be 
obtained  either  as  a  white  powder  or  in  cr^-stals  (75),  —  Ist 
By  subliming  a  mixture  of  mercuric  chloride  and  mercury, 

Hg  Ck  +  Hg  =  iHg^'\  Clr  [806] 

2d.  By  subliming  a  mixture  of  mercurous  sulphate  and  com- 
mon salt, 

lIlg,']SO,  +  2NaCl  =  Na^SO,  +  [ffg^]  Clr    [807] 

8d.  By  precipitation  from  a  solution  of  mercurous  nitrate, 

(L^g^W^Oe  +  2NaCl  +  Aq)  = 

lllg,-]  Cl^  +  {2NaN0^  +  Aq).  [308] 

Calomel  is  insoluble  in  water,  alcohol,  and  ether.  The  Sp. 
Gr.  of  its  vapor  is  only  one  half  of  that  which  the  theory  would 
require,  —  an  anomaly  which  is  explained  as  an  effect  of  disaa- 
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sociation.  Sublimes  below  a  red  heat  withoot  melUng.  When 
triturated  with  a  solution  of  soda  or  potash,  it  is  turned  black, 
owing  to  the  formation  of  {Hgi^  0,  and  when  heated  with  alka- 
line chlorides  it  is  converted  into  HgCl^  In  the  presence  of  or- 
ganic matter,  acids,  and  air,  this  last  change  may  take  place,  to 
some  extent  at  least,  at  a  temperature  of  88°  or  40°.  Calomel 
is  an  invaluable  medicine.  It  was  first  prepared  by  rubbing 
together  in  a  mortar  Hg  -rf-  HgCl^  but  this  product,  although 
having  all  the  medicinal  properties  of  the  white  sublimate,  had 
a  brilliant  black  color,  whence  the  name,  from  xoX^r  /icXar. 

275.  Mercuric  Chloride  {Corrosive  Sublimate).  JlgCI^'^ 
Crystalline  (77)  white  solid,  melting  at  265°,  boiling  at  298% 
and  yielding  a  vapor  whose  Sp.  Gr.  (141.5)  conforms  very 
nearly  to  the  theory.  Soluble  in  water,  alcohol,  and  ether. 
Forms  salts  with  the  alkaline  chlorides  as  2Na  01 .  Hg  01^,  May 
be  prepared  by  subliming  a  mixture  of  mercuric  sulphate  and 
common  salt,  but  adding  a  small  amount  of  MnO^  to  the  mix- 
ture to  prevent  the  formation  of  calomel.  Also  found  when 
mercury  is  burnt  in  chlorine  gas.  Coagulates  albumen,  and 
forms  with  it,  as  well  as  with  other  albuminoid  substances,  star 
ble  compounds  insoluble  in  water.  Acts  as  a  violent  poison. 
Used  for  preserving  from  decay  wood,  dried  plants,  and  other 
objects  of  natural  history,  and  this  effect  appears  to  be  due  in 
part  to  its  peculiar  action  on  albuminoid  compounds.  It  is  also 
a  valuable  reagent,  and  is  used  to  prepare  other  anhydrous 
chlorides. 

Mercury  forms,  like  copper,  a  large  number  of  oxichlorides. 
It  also  combines  with  the  other  members  of  the  chlorine  group 
of  elements.  Among  these  compounds  the  most  interesting  is 
the  iodide,  ffglft  which  affects  two  different  crystalline  forms  dis- 
tinguished also  by  striking  differences  of  color.  As  obtained 
by  precipitation 

(BgCl^-{-  2KT+  Aq)  —  Hgl^  +  {2KCI  +  Aq\    [309] 

it  appears  as  a  crystalline  red  powder  (75).  This  when 
heated  changes  its  crystalline  condition  (77)  and  becomes  yellow, 
but  the  yellow  variety  is  changed  back  to  the  red  by  mere 
friction. 

276.  AmmonicUed  Compounds,  —  The  compounds  of  mer- 
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cury,  when  acted  on  by  ammonia  or  its  salts,  yield  a  large  num- 
ber of  complex  products.  Among  these  the  most  remarkable 
is  a  powerful  base  called  Mercuramine,  which  is  formed  by  the 
action  of  aqua  anmionia  upon  yellow  precipitated  oxide  of  mer- 
cury. There  is  a  difierence  of  opinion  in  regard  to  the  arrange- 
ment of  the  atoms  in  this  compound,  but  the  most  probable 

symbol  is  {Hg,(HgOH)J{^NyO-H.  H^O.  The  hydrate  ab- 
sorbs <70s  from  the  air,  and  forms  definite  salts  with  all  the 
common  acids.  This  compound  is  unstable,  but  when  heated, 
two  molecules  of  the  hydrate  give  up  three  molecules  of  water, 
and  there  is  lefl  a  daris  brown  product  permanent  in  the  air, 
whose  symbol  may  be  represented  afler  the  type  [Z/!^]]Q. 
The  following  are  the  symbols  of  a  few  only  of  the  many  mer- 
curial compounds  of  this  class : — 

Hf^H^'Nfl^Hg^y  A>rmed  by  the  action  of  ammonia  gaa  on  pre- 
cipitated calomel. 
Hti[^Hg^^N^\_Hg^y  black  compound,  formed  from  calomel  by 

action  of  aqua  ammonia. 
{H^H^IglN^-HgyClt,  ''White  Precipitate,"  formed  by  adding 

to  aqua  ammonia  a  solutioii  of  ^  Cl^ 
(jH^^^WIgyClt,  "Soluble  White  Precipitate.'* 

277.  Characteristic  Reactions  and  Uses.  —  The  salts  of  mer- 
cury, whether  soluble  or  insoluble,  are  all  reduced  to  the  metal- 
lic state  by  a  solution  of  stannous  chloride.  Any  of  the  salts 
heated  in  a  closed  tube  with  sodic  carbonate  give  a  sublimate  of 
minute  globules  of  mercury.  From  solutions  of  its  salts  mer- 
cury is  deposited  as  a  gray  film  on  metallic  copper,  and  if  short 
lengths  of  copper  wire  thus  coated  and  carefully  dried  be  heated 
in  a  closed  tube,  the  sublimate  is  obtained  as  before. 

The  cliief  consumption  of  metallic  mercury  is  in  the  treats 
ment  of  gold  ores.  It  is  also  used  for  silvering  mirrors,  for 
making  various  philosophical  instruments,  and  for  other  pur- 
poses in  the  arts.  Large  quantities  are  consumed  in  prepar- 
ing its  various  compounds,  and  these  are  among  the  most  im- 
portant articles  of  the  materia  medica. 
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Questions  and  Problems. 

1.  Write  the  reaction  of  boiling  sulphuric  acid  on  copper. 

2.  Write  the  reaction  of  nitric  acid  on  copper,  —  let,  assuming 
that  NO  is  the  aeriform  product ;  2d,  that  it  is  N^O. 

fl 

8.  Write  the  reaction  which  takes  place  when  cupric  nitrate  is 
decomposed  by  heat 

4.  Why  does  not  concentrated  nitric  acid  act  on  copper  ? 

5.  Represent  the  constitution  of  the  hydrate  4[Cti,]0 .  H^O  in  the 
typical  form.  How  may  it  be  regarded  as  related  to  the  normal 
hydrate  [Ct/J-Ho,  ?  Ans.  It  equals  4[Cti,]=fro,  —  SH^O. 

6.  How  may  anhydrous  cupric  sulphate  be  used  to  detect  the 
presence  of  moisture  ? 

7.  In  what  other  way  may  the  symbols  of  the  different  basic  sul- 
phates be  written  ? 

Ans.  The  symbol  of  Brochantite  may  be  written  (Cu-O-Cu-O' 
Cu-0-Cu)'0^=SO^.  3H^0,  and  the  others  in  a  similar  way. 

8.  How  may  the  symbols  of  the  basic  sulphates  be  derived  from  the 
hydrates  ? 

Ans.  Disregarding  the  water  of  ciystallization,  we  may  regard  Bro- 
chantite as  formed  from  the  condensed  hydrate  ACvpO^H^ 
by  first  eliminating  3^,0  and  then  replacing  the  remaining 
H^  by  50,. 

9.  If  the  symbol  of  Brochantite  is  written  as  in  the  text,  to  what 
order  of  sulphates  does  it  belong?  Ans.  Orthosulphates. 

10.  Show  by  graphic  symbols  that  the  radical  CuOjH.  must  be  a 
monad. 

11.  Represent  by  graphic  symbols  the  composition  of  Malachite 
and  Azurite. 

12.  Both  Malachite  and  Azurite  may  be  regarded  as  formed  by 
the  molecular  union  of  cupric  hydrate  and  cupric  carbonate.  Write 
the  symbols  on  this  theory. 

13.  Malachite  is  how  related  to  cupric  hydrate? 

Ans.  It  may  be  regarded  as  the  hydrate  doubly  condensed  with  two 
of  the  hydrogen  atoms  replaced  by  CO  thus,  Cu^O^CO^H^ 
or  Cu=0^=CO .  Cu=O^H^.  Symbol  of  Azurite  in  the  same 
way  becomes  Cu^\0^{CO\,H^  or  2Cti-0,=C0.  Cu=(?,«-ff,. 

14.  To  what  order  of  carbonates  does  Mysorin  belong? 

15  V 
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15.  In  what  other  ways  may  the  symbol  of  the  cupric  nitratas  he 
written? 

Ans.  Cu-0^-(NO^\  and  Cu^OfNO^H^  or  Cu^O^^NO^fi .  Cy 

16.  Write  the  symbol  of  dioptase  in  the  same  typical  form. 

Ans.  H^CuWfSl 

17.  To  what  order  of  silicates  may  dioptase  be  referred? 

Ana.  Orthosilicates. 

18.  Write  the  reaction  of  solution  of  sodic  phosphate  on  solatkm 
of  cupric  sulphate. 

19.  Represent  the  constitution  of  the  yarions  sulphides  of  copper 
by  graphic  symbols. 

20.  In  what  relation  does  the  fluohydrate  of  copper  stand  to  the 
hydrate  and  fluoride  of  the  same  metal  ? 

Ans.  It  holds  an  intermediate  position,  as  shown  by  the  symboli 
Cti=//o„  Cu-Ho,Fl,  CuFt^ 

21.  Regarding  the  molecule  of  water  in  the  common  Tariety  of 
Atacamite  as  water  of  constitution,  how  may  the  fcnmula  of  this 
mineral  be  simplified? 

Ans.  It  may  be  halved  and  written  {Cu'0'CuyHa,(X 

22.  How  is  Atacamite  related  to  cupric  hydrate  ? 

Ans.  2Cu*Ho^  =^  (Cu-O-CuyHo^  -|*  ^%^t  ^^^  replacing  osa 
atom  of  Ho  in  basic  hydrate  by  CL 

23.  What  do  you  find  that  is  remarkable  in  the  reaction  of  cuprio 
hydride  on  hydrochloric  acid  ?  Compare  it  with  reaction  [236],  and 
consider  whether  it  indicates  a  difference  of  condition  in  hydrogen 
similar  to  that  in  oxygen. 

24.  Write  tbe  symbols  of  the  anmionia  compounds  of  copper  in 

the  vertical  form. 

25.  What  evidence  can  you  find  that  a  portion  of  the  nitrogen 
atoms  in  two  of  the  compounds  stand  in  a  different  relation  to  the 
molecule  from  the  others  ? 

Ans.  If  the  nitrogen  atoms  were  all  typical,  we  should  expect  the 
basic  radicals  to  fix  more  than  the  equivalent  of  two  univa^ 
lent  acid  radicals. 

26.  Write  tbe  symbols  of  the  hydrates  which  correspond  to  the 
different  basic  nitrates  of  mercury,  and  show  how  such  basic  hy- 
drates may  be  derived  fh>m  the  assumed  normal  hydrates. 

27.  How  is  it  possible  that  salts  should  exist  corresponding  to  hy^ 
drates  that  cannot  be  isolated  ? 
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28.  Show  how  tarpethHnineral  maj  be  derived  from  an  assamed 
nonnal  hydrate. 

29.  How  would  yon  seek  to  determine  whether  the  black  product 
obtained  by  grinding  together  Hg  -{-  Siae^  mixture  or  a  compound  ? 

30.  By  experiment  it  appears  that  the  specific  gravity  of  calomel 
vapor  is  118.5.  What  should  it  be  theoretically?  Into  what  is  it 
probably  decomposed  when  heated  ?       Ans.  235.5 ;  Hg  and  HgCl^ 

31.  In  administering  calomel  as  medicine,  what  associations  with 
other  drugs  should  be  avoided  ? 

82.   How  may  calomel  be  distinguished  firom  corrosive  sublimate  ? 

33.  What  is  the  theoretical  Sp.  6r.  of  HgCl^  and  why  should  you 
anticipate  so  great  a  difference  between  it  and  the  experimental  re- 
sult? 

Ans.  135.5.  In  such  a  dense  vapor  the  deviation  from  Mariotte's 
law  would  probably  be  laige. 

84.  Write  the  reaction  which  takes  place  when  a  mixture  of  mer- 
curic sulphate  and  common  salt  are  sublimed. 

85.  In  cases  of  poisoning  by  corrosive  sublimate,  why  should  milk 
or  the  white  of  eggs  be  useful  as  temporary  antidotes  until  the  stomaoh 
oan  be  emptied  by  an  emetic  or  .otherwise  ? 

86.  Write  the  symbols  of  the  chloride,  nitrate,  sulphate,  and  car* 
bonate  of  mercuramine. 

87.  Write  the  symbol  of  the  oxide  of  mercuramine  described 
above. 

88.  Represent  the  different  ammoniated  compounds  of  mercoiy 
by  vertical  symbols,  and  point  out  the  type  of  each. 
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Division  V. 

278.  CALCIUM.  Ca  —  40.  —  Dyad.  One  of  the  most 
abundant  and  important  constituents  of  the  crust  of  the  globe. 
The  elementary  substance  is  a  soil,  malleable  metal,  with  a 
reddish  tinge  of  color.  Readily  tarnishes  in  the  air,  and  bums 
when  heated,  forming  lime.  Decomposes  water  at  all  temper* 
atures,  forming  calcic  hydrate. 

2Ca  +  (fiXD  =  2CaO. 

Ca  +  2IL,  0=2Ca  -IIo^  +  mUL  ^      ■• 

The  metal  is  obtained  with  difficulty  either  by  the  electroly- 
sis of  the  melted  chloride  or  by  decomposing  the  iodide  with 
sodium.  ^ 

279.  Calcic  Carbonate.  Ca = 0^-  CO  or  Cao  =  CO. — The  chief 
lime  mineral.  Remarkable  for  the  great  variety  of  its  crystal- 
line forms.  Dimorphous  (Hexagonal  and  Orthorhombic).  The 
hexagonal  forms  (Figs.  14,  16,  17,  40,  41,  and  42)  belong  to 
the  mineral  species  Calcite.  The  orthorhombic  forms  (74)  to 
the  species  Aragonite.  Sp.  Gr,  of  Calcite  2.72,  of  Aragonite 
2.94.  The  last  is  also  distinguished  from  the  first  by  superior 
hardness,  and  falling  to  powder  when  heated.  The  crystalline 
varieties  of  calcite  are  readily  recognized  by  a  very  striking 
rhombohedral  cleavage.  Limestones,  Oolite,  Chalk,  Marble, 
Travertine,  Tufa,  Calcareous  Marl,  are  names  of  varieties  of 
rocks,  which  consist  chiefly  or  wholly  of  one  or  the  other  of 
these  two  minerals,  generally  of  calcite.  Many  of  these  rocks 
make  excellent  building  stones.  All  the  varieties  of  calcic 
carbonate  dissolve  with  effervescence  in  dilute  nitric  and  other 
acids,  and  may  thus  be  distinguished  from  the  siliceous  miner- 
als which  they  sometimes  outwardly  resemble.  Calcic  carbonate, 
although  nearly  insoluble  in  pure  water,  is  readily  dissolved  by 
water  charged  with  CO^,  Thus  it  is  held  in  solution  by  the  water 
of  lime  districts,  and  to  a  greater  or  less  extent  by  most  spring 
water.  Such  water,  when  strongly  charged,  deposits  calcic  cai^ 
bonate  on  exposure  to  the  air,  and  thus  are  formed  stalactites, 
tufa,  and  travertine.  It  also  forms  deposits  in  boilers,  and  de- 
composes the  soap  used  in  washing.  (Hard  water.)  Calcic 
carbonate  may  be  readily  formed  artificially  by  the  reactioQ 


§  282.]  CALCIUM.  841 

{CaCk  +  {NH,),^CO,  +  Aq)  = 

Ca-CO^  +  {2^NH,)  CI  +  Aq).  [811] 

Singularly,  however,  if  the  products  of  the  reaction  are  boiled 
together,  the  reverse  change  takes'  place ;  calcic  chloride  is 
formed,  which  dissolves,  while  ammoDic  carbonate  is  carried 
awaj  with  the  steam. 

280.  Calcic  Oxide  ( Quick-lime).  CaO,  —  Obtained  bj  burn- 
ing limestone  in  kilns. 

Ca=C08  =  CaO  +  O®^  [312] 

Amorphous  white  solid.  Very  infusible,  and  emitting  an  intense 
white  light  when  ignited  (Drummond  Liglit).  Has  strong  af- 
finity for  water,  and  the  chemical  union  is  attended  with  the 
evolution  of  much  heat  (slaking).  Exposed  to  the  air,  it  grad- 
ually absorbs  both  water  and  carbonic  anhydride  (air  slaking). 

281.  CcUcic  Hydrate.  Ca^Ho^  A  light  dry  powder.  Sol- 
uble in  about  425  parts  of  cold  water  (lime-water).  With  a 
smaller  quantity  of  water  it  forms  a  sort  of  emulsion  called 
milk  of  lime,  and  with  still  less  water  it  gives  a  somewhat 
plastic  paste,  which,  mixed  with  sand,  is  ordinary  mortar. 
Hydraulic  cements^  which  harden  under  water,  are  made  from 
limestones  containing  from  fifteen  to  thirty-five  per  cent  of 
finely  divided  silica  or  clay ;  also  by  intimately  mixing  with 
chalk  a  due  proportion  of  clay  under  regulated  conditions,  and 
subsequently  burning.  Calcic  hydrate  acts  on  the  skin  like  a 
caustic  alkali,  and  is  used  by  the  tanners  for  removing  hair 
from  hides.  It  has  a  strong  affinity  for  CO^  and  hence  is  used 
for  rendering  soda  and  potash  caustic  [97].  It  is  also  em- 
ployed for  purifying  coal-gas,  and  in  many  other  processes  of 
the  arts.  It  is  largely  used  as  a  manure.  Whitewash  is  milk 
of  lime  mixed  with  a  little  glue. 

282.  Chloride  of  Lime  or  Bleaching  Powder^  CaOCl^  is 
formed  by  passing  chlorine  gas  into  leaden  chambers  containing 
slaked  lime,  which  absorbs  the  gas  very  rapidly. 

CaO+  Cl'a=  (Ca-OyCl^  [813] 

Very  much  used  in  the  arts  for  bleaching  cotton  goods.  The 
doth  having  been  well  washed  and  digested  in  a  weak  solution 
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of  chloride  of  lime,  is  passed  into  very  dilute  salphorie  addf 
which  liberates  the  chlorine  in  the  fibre  of  the  cloth.  May  also 
be  used  in  the  laboratory  as  a  source  of  chlorine  gas. 

{CaOCk  +  H^SO,  -f  Aq)  = 

( CaSO^  ^B^O^Aq)  +  Ol-OL  [314] 

283.  Calcic  Peroxide.     (Ca-OyO. —  Formed  by  adding 
ff^O^to  lime-water,  but  is  a  very  unstable  compound. 

284.  Calcic  Sulphate.  Ca^Oi'SO^,  —  Second  in  importance 
of  the  lime  minerals.  It  occurs  in  nature  both  in  an  anhydrous 
and  hydrous  form.  The  anhydrous  mineral  is  called  Anhydrite^ 
the  hydrous  mineral  is  Gypsum.  Anhydrite  crystallizes  in  tiie 
orthorhombic  system  (77),  and  has  Sp.  Gr.  =  2.9.  Gypsum 
(CaSO^ .  2/^0)  crystallizes  in  the  monoclinic  system  (Fig.  25), 
has  Sp.  Gr.  ==  2.3,  and  is  soAer  than  the  first  Calcic  sulphate 
is  soluble  in  about  400  parts  of  water,  and,  like  several  of  the 
lime  salts,  is  much  less  soluble  in  hot  water  than  in  cold ;  and 
when  water  holding  gypsum  in  solution  is  heated  to  a  high  tem- 
perature in  steam-boilers,  the  whole  is  deposited  in  an  insolaUe 
condition  {CaSO^,  ^JI^O),  It  is  a  very  common  impurity 
of  spring  waters,  and  is  another  cause  of  their  hardness,  and  of 
the  crusts  which  they  sometimes  form  on*the  inner  sarfooe 
of  boilers.  It  is  found  in  considerable  quantity  in  the  water  of 
salt  springs,  and  of  the  ocean.  When  these  waters  are  evap- 
orated it  is  deposited  before  the  common  salt  Hence  in  nators 
we  find  that  beds  of  rock-salt  are  usually  associated  with  anhy^ 
drite  and  gypsum.  The  last  is  by  far  the  most  abundant  min* 
eral,  forming  in  somb  places  extensive  rock  deposits  of  great 
thickness.  It  is,  moreover,  found  in  beautifully  transparent 
crystals  (Selenite),  which  can  be  easily  split  into  very  thin 
plates,  and  it  also  forms  the  ornamental  stone  called  alabaster. 
When  heated,  gypsum  readily  gives  up  its  water  of  crystallize* 
tion,  and  when  not  overburnt  the  dry  product,  if  reduced  lo 
powder  and  made  into  a  paste,  again  unites  with  water  and  sets 
into  a  hard  mass.  This  reunion,  however,  will  not  take  place 
if  the  gypsum  has  been  heated  above  300^ ;  and  anhydrite  is 
then  formed.  The  calcined  gypsum,  called  Plaster  of  Paris,  Is 
used  in  immense  quantities  for  making  casts,  and  in  various 
forms  of  stucco-work.  Ground  gypsum  is  also  a  valuable 
nure,  and  finds  other  applications  in  the  arts. 
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285.  Calcic  Phosphate.  (7ao8(PO),.  — The  chief  earthy  con- 
stituent of  the  boaes  of  animals.  The  animal  obtains  it  from 
the  plants,  and  the  plant  draws  its  supply  from  the  soil.  The 
grains  of  the  cereals  are  especially  rich  in  this  bone*making 
material,  and  as  the  supply  in  the  soil  is  usually  limited,  these 
plants,  when  cultivated  year  after  year,  soon  exhaust  it  Hence 
it  is  all  important  for  the  agriculturist  to  restore  to  his  land  the 
phosphates  as  fast  as  they  are  removed  by  the  crops,  and  ground 
bones,  guano,  phosphorite,  and  other  forms  of  calcic  phosphate, 
are  used  for  this  purpose.  The  mineral  Apatite  is  a  crystal- 
line variety  (Fig.  14)  of  this  same  material,  but  contains  also 
about  eight  per  cent  of  calcic  fluoride  mixed  with  more  or  less 
calcic  chloride.   Its  symbol  may  be  written  (  Ca^F) «  O^ix^PO)^ 

286.  Caldc  Silicate  (Tabular  Spar),  Oao-SiO,  is  a  not  nn- 
oommon  mineral.  Formed  oa  the  surface  of  the  grains  of  sand 
when  mortar  hardens ;  and  the  valuable  qualities  of  hydraulic 
cements  are  probably  due  to  a  still  more  complete  union  of  the 
same  kind.  An  artificial  stone  of  great  strength  may  be  made 
by  first  mixing  together  solutions  of  calcic  chloride  and  sodic 
silicate,  and  then  incorporating  with  the  half-fluid  mass  a  large 
proportion  of  sand. 

287.  Calcic  Fluoride  (Fluor-Spar),  CbJF'j*  —  An  abundant 
mineral  and  the  most  important  compound  of  fluorine.  It  is 
found  both  massive  and  crystallised  in  the  forms  of  the  isomet^ 
ric  system,  generally  in  cubes.  Has  octohedral  cleavage.  The 
pare  material  is  colorless,  but  the  native  crystals  are  frequentiy 
beautifully  colored,  and  are  among  the  most  splendid  specimens 
of  our  mineral  cabinets.  Exposed  to  the  light,  they  frequently 
exhibit  a  remarkable  fluorescence,  and  many  varieties  of  the 
mineral  phosphoresce  when  heated.  Although  not  very  fusible 
by  itself,  fluor-spar  forms  a  very  fusible  islag  with  gypsum  and 
other  earthy  minerals  frequently  associated  with  lead  ores. 
This  property  renders  it  a  valuable  ^ux  in  the  process  of  smelt- 
ing such  ores,  and  hence  the  name  fluor.  In  small  quantities  it 
18  almost  invariably  associated  with  calcic  phosphate,  not  only 
in  the  mineral  kingdom,  but  also  in  the  bones  and  teeth  of 
animals. 

288.  Calcic  Chloride.  Ca  Ct^  —  A  deliquescent  salt,  readily 
obtained  by  dissolving  calcic  carbonate  in  hydrochloric  acid. 
Also  a  secondary  product  in  the  preparation  of  ammonia  [162]. 
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(CbCZ,  +  J9;0  +  Jy)  +  OOr  [815] 

A  useful  reagent,  and  also  employed,  on  account  of  its  hjgRh 
Bcopic  qualities,  for  drying  gases. 

289.  Calcic  Nitrate.  Cao'(NOi)f.  —  A]ao  a  very  soluUa 
deliquescent  salt,  which  is  formed  in  the  soil,  in  cellars,  in  lime 
caverns,  and  wherever  organic  matter  decays  in  contact  with 
calcareous  materials.    Chiefly  important  as  a  source  of  saltpetre. 

290.  STRONTIUM,  5r=87.6,  and  BARIUM,  Ba=lS7. 
—  Dyads.  The  compounds  of  these  elements  are  doeely  allied 
to  the  corresponding  compounds  of  calcium,  and  the  differences 
are  only  those  which  we  should  expect  between  members  of  the 
same  chemical  series.  They  are,  however,  far  less  abundantly 
distributed  in  nature.  The  most  important  native  compoonds 
are 

Strontic  Carbonate,  Strontianite,  SrCO^  S^.  Gr.  8.7a 
Baric  Carbonate,  Witherite,         BaCO,,     i^.  Gr.  4.31 

These  are  isomorphous  with  Aragonite.  No  hexagonal  forms 
corresponding  to  calcite  are  known.     In  like  manner  we  have 

Strontic  Sulphate,      Celestine,  SrSO^,         £^.  Gr.  8.95. 

Baric  Sulphate,  Heavy  Spar,      BaSO^        Sp.  Gr.  4.48. 

These  are  isomorphous  with  anhydrite.  No  hydrous  minerals 
corresponding  to  gypsum  are  known.  Strontic  sulphate  is  mudi 
less  soluble  in  water  than  calcic  sulphate,  and  baric  satphata  is 
practically  insoluble.  Moreover,  the  solubility  of  these  salts  is 
not  increased  by  the  presence  of  weak  acids.  Hence  a  solutioo 
of  calcic  sulphate  will  give  a  precipitate  in  solutions  containing 
either  strontium  or  barium,  and  a  solution  of  strontic  sulphate 
only  in  the  last.  The  sulphates  are  both  easily  prepared  artiil- 
cially  from  solutions  of  corresponding  chlorides  by  precipitatioii 
with  sulphuric  acid. 

291.  The  Strontic  and  Baric  Nitrates  and  the  Strontic  and 
Baric  Chlorides  are  all  soluble  salts,  but  less  soluble  than  the 
corresponding  salts  of  calcium,  the  barium  compounds  being  in 
each  case  the  le'>8  soluble  of  the  two.  They  are  easily  prepared 
by  dissolving  the  native  carbonates  in  dilute  nitric  or  hydro- 
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chloric  acids.  Baric  nitrate  is  precipitated  from  its  aqueous 
solution  by  strong  nitric  or  hydrochloric  acid  in  consequence  of 
its  sparing  solubility  in  these  reagents.  They  may  also  be  pre- 
pared from  the  native  sulphates,  as  b  illustrated  by  the  follow- 
ing reactions :  — 

SrSO^  +  4(7=  ^S+  4<g®. 

[316] 
(SrS  +  2ffCl  +  Aq)  =  (^r  CZ|  +  Ag)  +  Sy3. 

An  intimate  mixture  of  the  powdered  sulphate  with  some  car« 
bonaceous  material  is  first  intensely  heated  in  a  crucible.  The 
resulting  product  is  then  exhausted  with  water,  and  the  solution 
treated  with  hydrochloric  or  nitric  acid  as  required. 

292.  Stroniic  and  Baric  Hydraie$  may  also  be  prepared 
from  the  solution  of  the  sulphides,  obtained  as  above,  by  the 
reaction 

CkiO  4-  {BaS-\'  H^O  +  Aq)  = 

CuS+iBa-ffo^-^-Aq),  [317] 

The  relative  solubility  of  the  hydrates  follows  the  inverse  order 
of  that  of  the  other  salts,  baric  hydrate  being  much  the  most  sol- 
uble and  dissolving  in  twenty  parts  of  water. 

293.  Strontic  and  Baric  Oxides  may  be  readily  obtained  by 
igniting  the  nitrates.  They  slake  when  mixed  with  water,  like 
quick-lime. 

294.  Strontic  cmd  Baric  Peroxides  are  prepared  by  heating 
the  oxides  in  an  atmosphere  of  oxygen  gas.  They  are  more 
stable  than  calcic  peroxide,  and  baric  peroxide  is  an  important 
reagent. 

295.  Characteristic  Reactions,  —  Calcium,  strontium,  and 
barium  are  all  precipitated  from  their  solutions  by  alkaline  car- 
bonates and  by  oxalic  acid.  They  may  be  distinguished  from 
each  other  by  the  relative  solubility  of  their  sulphates,^  and  by 
the  colors  of  their  flames,  which  show  characteristic  bands  with 
the  spectroscope.  The  compounds  of  strontium  impart  to  a 
colorless  flame  a  brilliant  crimson  color,  and  those  of  barium  a 

1  Calcic  sniphate  gives  an  instantaneous  precipitate  in  solutions  of  barimn 
salts,  while  in  those  of  strootiuin  the  precipitate  only  forms  after  a  perceptible 
iatnrval  of  time. 

16* 


846  LEAD.  [§Ma 

yeUowish  green.  Hence  they  are  much  used  by  makere  of  flr»- 
workfl.  The  solable  salts  of  barium  are  important  reagents  in 
the  Uboratorj,  and  both  the  native  and  the  artificial  aulphale 
furnish  an  important  white  paint 

296.  LEAD.  Ph  =  207.  Bivalent  or  quadrivalent  One 
of  the  more  abundant  metallic  elements,  found  chiefly  in  mineral 
veins.  Principal  ore  is  Galena,  Pb&  There  is  also  a  native 
Plumbic  Carbonate  called  Cerusite  {PbCO^,  S^.  Gr.  6.48), 
isomorphous  with  Aragonite,  and  a  native  Plumbic  Sulphate 
called  Anglesite  (PhSO^^  J^.  Gr,  6.30),  isomorphous  with  an- 
hydrite. 

297.  Metallic  Lead.  JPbf  —  S^.  Gr.  11.86.  MelUng-p<nnt, 
825^.  So  soft  that  it  can  be  moulded  by  pressure.  Obtained, 
1st  By  alternately  roasting  and  melting  the  galena  in  a  rever> 
beratory  furnace. 

Roasting  stage, 

SPbS-}'SO'-0  =  PbS+2PhO+2S®^or 
2PbS  +  2  0= 0  =  P65  4-  PbSO, ;  L^^^J 

Melting  stage,  PbS  +  2P60  =  8i^  +  S®,,  or 

PbS  +  PbSO^  —  2Pb  +  23®^  tSl^J 

2d.    By  smelting  the  galena  with  scrap-iron  in  a  blast-fumaoe, 

PbS+Fe  =  FeS  +  Pb.  [820] 

Practically,  nowever,  both  processes  are  far  more  complex  thia 
the  reactions  would  indicate.  The  ore  is  in  all  cases  mixed  with 
gangue,  which  can  only  be  melted  with  the  aid  of  some  flux, 
and  the  slags  thus  formed  contain  a  large  amount  of  metal  and 
must  be  smelted  again. 

Lead  dissolves  readily  in  diltUe  nitric  acid,  but  is  not  acted 
on,  or  only  very  slightly,  by  either  hydrochloric  or  sulphuric 
adds,  unless  concentrated  and  boiling.  Employed  in  number- 
less ways  in  tiie  arts,  both  pure  and  alloyed,  with  other  metak. 
Type-metal,  britannia-metid,  and  solder  are  among  the  most  im- 
portant of  its  alloys. 

298.  Plumbic  Oxide.  PftO.  — Obtained  by  heaUng  l^ad  in  a 
current  of  air,  when,  if  the  heat  is  not  too  great  a  3rellow  pow- 
der is  obtained  called  Massicot    At  a  heat  a  little  below  red- 
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ness  the  oxide  melts  and  crystallijies  on  cooling  in  yellowish 
red  scales  called  Litharge.  Largely  used  in  the  arts  for  mak- 
ing dint-glass,  for  glazing  earthenware,  and  for  preparing  vari- 
ous paints  and  lead  salts. 

299.  Flumhic  Peroxide.  FhO^  —  A  dark-brown  powder, 
very  useful  in  the  laboratory  as  an  oxidizing  agent.  The  bright 
red  powder  called  Minium,  obtained  by  still  further  roasting 
massicot  at  a  low  red  heat,  is  a  mixture  of  PbO^  and  PbO. 
There  is  also  a  suboxide,  Ph^O* 

300.  Plumbic  Hydrate,  —  The  normal  hydrate,  Pb-Ho^  has 
never  been  obtained,  but  we  can  readily  form 

Diplumbic  Hydrate  {Ph'OPhyffo^ 

Triplumbic  Hydrate  {PhOPh-O-PbyHb^ 

by  the  following  reactions :  -^ 

2Pb-{N0^\  +  {^K-Ho  -f  Aq)  = 

{Pb'O'Pbynb^  +  (4^-i^O,  +  If^O  -f  Aq).  [821] 

{{PhO,y<C,H,0,),  +  2{NH,yHo  +  Aq)  = 

{Pb,0,)=Ifo,  +  (2{Nff,y{C^,0^  +  Aq).  [822] 

A  plumbic  hydrate  is  formed  by  the  simultaneous  action  of 
mr  and  water  on  lead,  which  is  slightly  soluble ;  and  as  aU  lead 
salts  are  poisonous,  and  even  in  minute  quantities,  if  the  dose  is 
often  repeated,  may  be  injurious  to  health,  it  is  not  safe  to  use, 
for  drinking,  water  which  has  b^n  kept  in  cisterns  lined  with 
lead  or  drawn  through  lead  pipes.  The  presence  of  nitrites, 
nitrates,  or  chlorides  greatly  increases  the  corrosive  action  of 
water  on  lead,  while  carbonates  and  sulphates  exert  a  preser- 
vative influence. 

301.  Plumbic  Nitrate.  Pi^CiV^Os),.  — Obtained  by  dissolving 
litharge  or  lead  in  dilute  nitric  acid.  Soluble  in  water,  but  in- 
soluble in  strong  nitric  acid. 

PbO-^  {2ff-N0,-^Aq)  =  {Pb''{NO,)i-^ff,0-\'Aqy  ^928] 

SPb  +  (^ir-NO,  +  Aq)  = 

(3Pb'{N0s)i  -]-iH^O  +  Aq)  +  2SSr(g).  [324] 

« 

802.   Plumbic  Acetate   {Su<jar  of  Lead).    Pb'^CxH^O^x' 
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Sff^O,  —  The  most  important  solable  salt  of  lead,  easily  ob- 
tained bj  dissolving  PbO  in  acetic  acid.  Lead  has  a  great 
tendency  to  form  basic  salts  (88).  Hence  a  solution  of  the 
neutral  acetate  will  dissolve  a  large  additional  quantity  of 
litharge. 

2PbO  +  (PJ=(  C,Hs  0^)2+  Aq)  = 

{{Pb'0-Fb-0-Pb)-{C^ffs0^t-\-  ^qy  [325] 

If  00^  is  now  passed  through  this  solution,  the  excess  of  PhO 
is  precipitated  as  carbonate.  Fresh  portions  oi  PbO  may  then 
be  dissolved  and  the  process  repeated.  The  plumbic  carbonate, 
which  is  obtained  by  this  and  other  analogous  methods,  is  very 
much  used  as  a  white  paint  under  the  name  of  white  lead.  The 
products  of  the  different  processes  have  not,  however,  the  same 
composition,  but  are  mixtures  of  the  carbonate  and  hydrate  in 
varying  proportions. 

803.  Plumbic  SuIphcUe^  PbSO^,  is  obtained  as  a  white  pre- 
cipitate on  adding  sulphuric  acid  or  a  soluble  sulphate  to  a  solu- 
tion of  a  salt  of  lead.  It  is  practically  insoluble  in  pore  water 
and  dilute  sulphuric  acid. 

804.  Plumbic  Phosphate  is  found  in  nature  in  the  minend 
Fyromorphite,  which  is  isomorphous  with  apatite  and  has  an 
analogous  constitiltion  (Pb^Cl)  ix  Ogix(PO)^  The  mineral  Mim- 
etine  is  the  corresponding  isomorphous  arseniate.  A  melted 
globule  of  plumbic  phosphate  assumes  on  cooling  a  peculiar 
radiated  crystalline  structure,  which  is  very  characteristic. 

305.  Plumbic  Chloride,  PbCl^  may  be  obtained  as  a  white 
cr}'8talline  powder  by  the  reactions 

PbO  +  {2HCI  +  Aq)  =  PbCk  +  {H,0  +  Aq).  [826] 

(Pb{NO,)^  +  2IIGI  +  Aq)  = 

PbCk  +  {2HN0^  +  Aq).  [327] 

It  is  only  very  slightly  soluble  in  cold  water,  but  in  boiling 
water  dissolves  quite  readily. 

806.  Plumbates,  —  Caustic  alkalies  dissolve  Pb  0  very  freely, 
forming  salts  in  which  the  lead  plays  the  part  of  a  negative 
radical.  Hence  the  precipitate  formed  in  reaction  [321]  dis- 
solves in  an  excess  of  tlie  reagent,  and  a  solution  of  PbO  in 
lime-water  is  used  as  a  hair-dye. 
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307.  Characteristic  Reactions.  —  The  lead  compoundfl,  in 
many  of  their  reactions,  are  closely  allied  to  the  compounds  of 
the  first  three  elements  of  this  group.  For  example,  the  sol- 
uble salts  give  precipitates  with  the  alkaline  carbonates  and 
with  oxalic  acid.  But  in  other  reactions  there  are  marked  dif- 
ferences. Thus,  1.  A  strip  of  metallic  zinc  placed  in  a  solution 
of  plumbic  acetate  precipitates  all  the  lead* 

Zn  +  iPb"{C^,0,)i  +  Ag)  = 

Pb'^{Zn-{C^0,)2  +  Aq).  [328] 

2.  Sulphuretted  hydrogen  gas  passed  through  either  an  acid  or 
an  alkaline  solution  of  a  salt  of  lead  gives  a  black  precipitate  of 
plumbic  sulphide. 

(Pb-Cfl^  +  ^^2^+  Aq)  =PbS+  C^ffOl  4-  Aq).  [329] 

When  the  solution  is  acidified  with  hydrochloric  acid,  the  pre- 
cipitate is  first  red,  owing  to  the  formation  of  {Ph'S-PbyOl^ 
bat  this  is  soon  converted  into  the  black  sulphide.  3.  Heated 
on  charcoal  before  the  blow-pipe,  with  reducing  fiuzes,  the 
compounds  of  lead  yield  a  soft,  malleable  bead  of  metal,  and  the 
charcoal  immediately  around  the  bead  is  at  the  same  time 
coated  with  an  incrustation  of  oxide  which  is  orange-colored 
while  hot,  but  becomes  lemon-yellow  when  cold.  By  these 
reactions  lead  is  easily  distinguished  from  calcium,  strontium, 
and  barium.  Indeed,  the  distinction  is  so  marked,  that,  al- 
though the  resemblances  are  very  striking,  it  may  be  doubted 
whether  lead  belongs  to  the  same  chemical  series. 


Reactions  and  Problemst 

1.  Calcite  and  Aragonite  are  both  not  unfrequently  found  in  acic- 
nlar  crystals.     How  may  they  be  distinguished  ? 

2.  Compare  the  molecular  volumes  of  Calcite  and  Aragonite. 

8.  By  igniting  100  parts  of  pure  calcic  carbonate,  Dumas  obtained 
exactly  56  parts  of  hme.     What  is  the  atomic  weight  of  calcium  ? 

Ans.  40. 

4.  What  assumptions  are  made  in  the  last  problem?    (19.) 
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5.  How  maeb  CaO  can  be  obuiDedfipoin  100  kilogrmmiiies  of  pan 
limertone ?    How  much  Ca*Uo^  will  tliii  mmoont  yield  ? 

Am.  56  kilot.  and  74  kflofc 


6.  How  much  limestone  mnst  be  burnt  to  jield  560  kilot.  of  qnide- 
lime  ?    How  manj  cubic  metres  of  CO^  woold  be  set  free  in  Iks 
?  Ans.  1,000  kike,  and  223.1  m} 


7.  In  one  cabic  metre  of  limeelone  avnmed  to  be  pore  cakie 
bonate,  Sp,  Gr,  2.72,  how  manj  cabic  metres  of  CO^  are  condensed? 

Ans.  607.1  k' 

8.  What  18  the  cause  oi  the  incmstation  of  boilers  bj  calcic  ca^ 
bonate? 

9.  Lime-water  is  used  to  pnrifj  hard  water.    Explain  the  reactioo. 

10.  A  bed  of  limestone,  Sp.  Gr.  =s  2.75,  and  100  metres  thkki 
would  make  a  bed  of  anthracite  coal  of  what  thickness  ?  Asnime 
that  the  Sp.  Gr,  of  anthracite  is  1.8,  and  that  it  contiuns  90  per  cent 
of  carbon.  Ans.  20.87  metres. 

11.  In  order  to  precipitate  lime  as  completely  as  possibto  wiA 
ammonic  carbonate,  it  is  important  to  avoid  an  excess  of 
salts,  and  to  warm  the  liquid,  but  not  to  boil  it  Give  the 
fi)r  these  precautions.  Also  analyze  reactions  [311  and  the  reTerMl 
and  state  the  principle  under  which  they  may  be  brought. 

12.  One  cubic  decimetre  of  quick-lime,  Sp,  Gr,  8.18,  will  ahiaib 
how  many  cubic  decimetres  of  water  ?  How  many  units  of  heat  will 
be  evolved  by  the  change  of  state  which  the  water  undei^goes  ? 

Ans.  1.022  STm^ 

18.  In  burning  quick -lime  it  is  found  that  the  process  suooeedi 
best  in  damp  weather,  and  is  facilitated  by  injecting  steam  into  tks 
kiln.     Why  should  you  infer  that  this  would  be  the  case  ?    (58.) 

14.  Give  an  explanation  of  the  hardening  and  adhesion  of  mortut 
and  cements. 

1 5.  When  milk  of  lime  is  spread  over  walls  in  the  process  of  while- 
washing,  what  compound  is  formed  on  the  surface  ? 

16.  How  many  cubic  metres  of  CO,  can  bo  absorbed  by  a  qosa- 
tity  of  milk  of  lime,  conUining  112  kilos,  of  lime  {CaO)^ 

1 7.  When  lime-water  is  shaken  up  with  CO,  it  is  rendered  tinW. 
How  do  you  explain  the  reaction,  and  to  what  application  of  lin^ 
water  in  the  iRhoratory  does  it  point  ? 

18.  In  or<ler  to  render  100  kilos,  of  sal  soda  caustic  hownrach 
quick-lime  mu9t  be  used?     [97.]  Ans.  52.83  kikn. 

19.  How  many  litres  of  chlorine  gas  would  be  abeorbed  by  100 
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liloi.  of  lime  (CoO)  first  reduced  to  hydrate,  and  how  much  MnO^ 
must  be  used  to  jield  the  requisite  amount? 

Ans.  in  part,  89.85  litres  of  chlorine. 

20.  Bleaching  salts  have  been  regarded  as  a  mixture  of  calcic 
chloride  with  calcic  hypochlorite.  How  would  you  write  the  symbol 
on  this  theory  ? 

21.  Represent  by  graphic  s3rmbols  CaCO^  CaO„  CaO(\ 

22.  The  percentage  composition  of  g3rp0iam  is  calcium,  23.26 ;  sul- 
phur, 18.61 ;  oxygen,  37.21 ;  water,  20i)2.    Calculate  the  symboL 

23.  Is  the  incrustation  of  steam-boilers  by  insoluble  calcic  sulphate 
due  to  the  same  cause  as  the  incrustation  of  sait-pans  by  gypsum  ? 
Explain  the  difference. 

24.  If  the  calcium  contained  in  one  cubic  decimetre  of  anhydrite 
could  be  replaced  by  H^,,  lAat  would  be  the  volume  of  the  product 
Ibrmed? 

25.  If  a  concentrated  solution  of  sodic  sulphate  is  mixed  with  a 
concentrated  solution  of  calcic  chloride,  the  whole  mass  becomes 
solid.  Write  the  reaction,  and  explain  what  becomes  of  the  water 
of  solution. 

Ana.  (iVa,50,  -(-  CaCl^  +  2//,0)  =-  2N«iCl  -(-  CaSO^ .  tHfi. 

26.  How  could  you  detect  the  presence  of  sulphuric  acid  and  lime 
in  a  solution  of  gypsum  ?    Write  the  reactions 

27.  Represent  the  constitution  of  apatite  by  a  graphic  symboL 

28.  How  may  you  regard  apatite  as  derived  from  calcic  hydrate  ? 
What  important  part  does  fluorine  play  in  the  compound  ?  Does 
BOt  the  presence  of  such  a  univalent  element  in  this  compound  fur- 
nish an  argument  in  favor  of  the  diatomicity  of  calcium? 

29.  How  much  hydrochloric  acid,  Sp,  Gr,  1.1,  will  be  required  to 
dissolve  50  grammes  of  chalk,  and  how  many  litres  of  (9®,  could  be 
thus  obtained  ? 

Ans.  179  grammes  of  acid  and  11.16  litres  of  CO^. 

80.  By  what  single  reaction  could  you  change  a  solution  of  calcic 
nitrate  into  a  solution  of  nitre  ? 

81.  What  evidence  do  you  find  in  this  section  that  calcium  is 
bivalent  ? 

82.  Compare  the  molecular  volumes  of  the  native  carbonates  of 
strontium,  barium,  and  lead  with  those  of  Aragonite  and  Calcite. ' 

83.  Write  the  reactions  by  which  strontic  and  baric  sulphates  may 
be  prepared  from  the  corresponding  nitrates  or  chlorides. 

84.  Analyze  the  reactions  by  which  the  chlorides  and  nitrates  of 
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ftrondiim  and  barium  may  be  piepared  finom  the  oorrespoDdiiig  mA' 
phates,  and  show  whj  such  a  circuitous  method  is  neceasary. 

85.  Compare  the  molecular  volume  of  the  sulphates  of  this  group 
with  that  of  the  corresponding  carbonates. 

86.  How  may  solutions  of  calcic  and  strontic  sulphates  be  used 
to  detect  barium  and  strontium,  even  if  mixed  together  in  the  same 
solution  ? 

87.  Knowing  that  sulphuric  acid  if  in  excess  will  completely  pre- 
cipitate barium  and  strontium,  how  can  you  detect  the  presence  of 
lime  in  a  solution  containing  all  three  ? 

S8.  On  what  does  the  use  of  the  salts  of  barium  as  tests  for  iol- 
phuric  acid  depend  ? 

89.  To  how  much  SO^  do  0.982  grammes  of  baric  sulphate  eor> 
respond?  *       Ans.  0.820 grammes. 

40.  A  quantity  of  Witherite  weighing  0.591  grammes  was  dissolved 
in  hydrochloric  acid  and  precipitated  with  sulphuric  acid.  Hie  pre- 
cipitate when  washed,  dried,  and  ignited  weighed  0.699  grammsii 
What  per  cent  of  barium  does  the  mineral  contain  ? 

Ans.  69.87  per  cent 

41.  Baric  and  strontic  carbonates  are  not,  like  calcic  carbonatoi, 
easily  decomposed  when  heated  in  the  air,  but  readily  give  off  CO, 
if  heated  m  an  atmosphere  of  hydrogen.  How  do  you  explain  these 
fects  ?  and  do  they  confirm  or  otherwise  your  answer  to  question  IS? 

42.  What  is  the  percentage  of  lead  in  the  three  minerals  Angl^ 
site,  Cerusite, and  Galena?  Ans.  68.82,  77.54,  86.62. 

43.  Analyze  reactions  [31 8  -  820]  and  state  the  general  theoiy  of 
the  smelting  process,  including  the  removal  of  the  gangue  and  tbt 
reduction  of  the  ore. 

44.  Explain  the  peculiar  action  of  lead  with  acid  solvents.  Why 
must  the  nitric  acid  be  diluted,  and  to  what  extent  ? 

45.  How  many  kilos,  of  litharge  can  be  obtained  from  87.1  kika 
of  lead,  and  what  volume  of  oxygen  gas  would  be  absorbed  in  ths 
process  V  Ans.  89.96  kilos,  and  2  m} 

46.  Represent  the  plumbic  oxides  and  hydrates  by  graphic  sym- 
bols, and  show  how  the  basic  hydrates  are  related  to  the  mmi***^ 
normal  hydrate. 

47.  The  action  of  nitric  acid  on  lead  depends  on  the  degree  of 
concentration  and  on  the  temperature.  Write  the  reaction  •^^^nnng 
that  N^O  is  formed. 

48.  How  many  kilos,  of  crystallized  sugar  of  lead  can  be  made 
from  6.69  kilos,  of  lithaige  ?  Ans.  11.87 
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49.  How  much  litharge  will  a  solution  containing  11.87  kilos,  of 
sugar  of  lead  dissolve,  assuming  that  triplumbic  acetate  is  the  product 
formed  ?  Ans.  13.17  kilos.  PhO. 

50.  Write  the  reaction  of  CO^  on  a  solution  of  basic  acetate  of 
lead. 

51.  How  may  the  basic  acetates  be  regarded  as  derived  from  the 
normal  hydrates  ? 

52.  Write  the  reaction  of  dilute  sulphuric  acid  on  a  solution  of 
plumbic  nitrate. 

58.  Bepresent  the  constitution  of  pjrromorphite  and  mimetene  by 
graphic  symbols. 

54.  What  is  the  derivation  of  the  name  pyromoiphite  ? 

55.  Will  the  whole  of  the  lead  be  precipitated  from  its  solution  in 
acetic  acid  by  an  excess  of  H CI  -[-  Aqf 

56.  By  what  reagent  may  you  precipitate  the  whole  of  the  lead 
firom  a  solution  of  one  of  its  salts  ? 

57.  Why  should  a  solution  oi PhO  in  lime-water  blacken  the  hiur 
or  any  other  oi^nic  material  containing  sulphur? 

58.  How  could  you  detect  the  presence  of  lead  in  water  ? 

59.  From  a  solution  containing  all  the  members  of  this  group,  how 
ooold  you  separate  the  whole  of  the  lead  ? 

60.  The  solubility  of  the  compounds  of  the  elements  of  this  group 
diminishes,  as  a  general  rule,  in  proportion  as  the  atomic  weight  of 
the  metallic  radical  increases.  Does  this  fact  conform  to  the  law 
which  generally  obtains  in  chemical  series  in  regard  to  the  chemical 
energy  of  the  different  members  ? 


W 
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Ditrmons  VL  and  VU. 

808.  MAGNESIUM.  Mg  =  24.  —  Dyad.  One  of  the 
most  widely  distributed  elements,  although  not  so  abundant  as 
Calcium,  with  which  it  is  usually  associated.  In  some  of  its 
relations  it  b  very  closely  allied  to  calcium,  but  also  difiers 
from  it  in  many  important  respects. 

300.  Metallic  Magnesium,  Mg,  is  readily  obtained  by  decom* 
posing  the  anhydrous  chloride  with  metallic  sodium,  also  by 
electrolysis.  It  is  a  silver-white  metal,  melting  at  a  red  heati 
and  volatilizing  at  a  high  temperature  in  an  atmosphere  of  hy- 
drogen. It  is  malleable  and  ductile,  is  susceptible  of  a  high 
polish,  and  does  not  tarnish  in  dry  air.  Heated  in  the  air  it 
takes  fire  and  bums  with  great  splendor  [59],  and  it  is  now 
much  used  as  a  source  of  pure  white  light  when  great  bril- 
liancy is  required.  Boiling  water  acts  upon  the  metal  quite 
rapidly,  but  it  decomposes  cold  water  only  very  slowly. 

810.  Magnesic  Oxide  (Cahnned  Magnesia),  MgO,  is  obtained 
when  the  metal  is  burnt  in  air.  It  can  also  be  obtained  by  cd- 
cining  the  carbonate  or  the  nitrate.  It  is  a  bulky  white  powder, 
wholly  infusible,  and  emitting  a  bright  white  light  when  healed 
before  the  blow-pipe.  Intensely  heated,  it  appears  to  volatilise 
unchanged.  When  mixed  with  water  it  slowly  unites  with  it 
to  form  a  hydrate.  The  oxide  obtained  by  calcining  the  nitrate 
is  much  denser  than  that  made  from  ^he  carbonate,  and  possesses 
remarkable  hydraulic  qualities.  When  mixed  with  water,  it 
soon  sets  forming  a  hard  compact  mass  re<^mbUng  marble-  If 
the  oxide  is  heated  to  a  very  high  temperature,  it  loses  its  power 
of  uniting  with  water,  and  dissolves  only  slowly  even  in  the  strong- 
est acids.  Crystallized  MgO  (Figs.  5  to  7),  Periclase,  has  be«i 
found  in  small  grains  imbedded  in  a  limestone  rock  ejected  from 
Vesuvius  but  otherwise  it  does  not  occur  uncombined  in  natarei 

811.  Mngnesic  Hydrate,  Mg-O^H^  is  found  native,  crjrstal- 
lized  in  large  hexagonal  plates  (76),  Brucite.  It  can  be  read- 
ily formed  artificially  as  above,  also  by  adding  caustic  potassa, 
soda,  or  baryta  to  the  solution  of  any  of  its  salts.  It  is  hut 
very  8li;j;htly  soluble  in  water,  yet  sufficiently  to  give  a  distinct 
alkaline  reaction  (89).  It  absorbs  CO^  slowly  from  the  air,  but 
much  more  slowly  than  calcic  hydrate. 
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812.  Magnesic  Carbonate.  Mg'OfCO.  iS^.  Gr.  8.056.— 
The  mineral  Magnesite,  isomorphous  with  Calcite.  Insoluble 
in  pure  water,  but  in  carbonic  acid  water  more  soluble  than 
calcic  carbonate.  This  solution  is  much  used  as  a  medicine 
(liquid  magnesia).  If  exposed  to  the  air,  the  magnesic  car- 
bonate slowly  separates  in  crystalline  flakes,  containing  three 
Atoms  of  water.  Anhydrous  magnesic  carbonate  is  not  readily 
obtained  artificially.  The  precipitate,  obtained  on  adding  to  a 
boiling  solution  of  a  magnesia  salt  sodic  carbonate  is  a  mixtui'e 
of  magneij^ic  carbonate  and  magnesic  hydrate  in  variable  pro- 
portions (Magnesia  Alba).  The  product,  however,  appears  to 
be  rather  a  mixture  of  several  definite  compounds  of  these  two 
flalts ;  and  a  crystalline  mineral  is  known  called  Hydromagneaite, 
which  has  the  formula  H^Mgfix^P^ .  ^H^O  or 

Ho^^iS^'-Mgoi'C-'MgoiC) .  2JB50. 

Magnesic  carbonate  is  found  united  with  calcic  carbonate  in 
the  mineral  Dolomite  {Sp,  Gr,  2.9).  This  is  by  far  the  most 
abundant  native  compound  of  magnesium,  and  forms  in  many 
localities  extensive  beds  of  rocks.  It  occurs  in  large  and  well- 
defined  crystals  which  are  isomorphous  with  calcite  and  magne- 
site (Fig.  16).  The  mineral  is  somewhat  variable  in  its  com- 
position, and  may  either  be  regarded  as  an  isomorphous  mixture 
of  these  two  substances,  or  else  as  a  definite  compound  mixed 
with  an  excess  of  one  or  the  other  of  its  constituents. 

Jb^COa+CbCOg     or      Mgo"{C-0^-CyCaa. 

When  calcined  at  not  too  high  a  temperature,  the  magnesic  car- 
bonate is  alone  decomposed,  and  a  product  obtained  which  forms 
an  excellent  hydraulic  cement  From  the  calcined  mass  the 
magnesia  can  be  dissolved  out  by  carbonic  acid  water  and  freed 
from  the  lime.  In  this  way  pure  magnesic  carbonate  is  pre- 
pared. 

813.  Magnenc  Sulphate  {Epsom  Salt).  MgSO^ .  IB^O.  — 
The  most  important  soluble  salt  of  magnesia.  Obtained  from 
the  bittern  of  sea- water,  or  by  treating  the  native  carbonates  or 
Dolomite  with  sulphuric  arid.  It  is  a  very  common  ingredient 
of  mineral  waters,  like  those  of  Epsom,  and  is  formed  when 
water  saturated  with  gypsum  filters  through  Dolomitic  rocka. 
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The  salt,  with  seven  molecules  of  water,  is  diuiorpboos,  crystal- 
liziDg  both  in  orthorhombic  forms  isomorphous  with  ZnSO^ . 
IHOy  and  in  monodinic  forms  isomorphous  with  FeSO^ .  1H0» 
It  may  also  be  obtained  crystallized  with  1, 2, 8, ....  12  mole- 
cules of  water  under  regulated  conditions,  chiefly  of  temperature. 
The  compound  MgSO^ .  H^O  (Kieserite)  is  found  in  the  Stass- 
furt  salt-beds.  Epsom  salt  is  reduced  to  the  same  composition 
when  heated  to  150^,  but  the  last  molecule  of  water  is  retained 
even  at  200°,  and  this  leads  us  to  believe  that  it  forms  a  part 
of  the  molecule  of  the  salt,  whose  formula  would  then  be  writ- 
ten, Mgo^'SO^Ho^  This  opinion  is  confirmed  by  finding  that 
this  molecule  of  water  may  be  replaced  by  the  molecule  of  an 
alkaline  sulphate,  forming  a  double  salt,  which  crystallizes  with 
6i^0  in  the  same  form  as  magnesic  sulphate  with  IHfO.  The 
symbol  of  the  potash  salt  is 

Mgo-{SO-0^'^OS)-Ko^.eBiO. 

Epsom  salt  dissolves  in  about  three  times  its  weight  of  ooU 
water.  It  is  a  valuable  medicine,  but,  like  all  the  soluble  salts 
of  magnesium,  it  has  a  bitter,  disgusting  taste. 

814.  Magnesic  Silicates.  —  The  well-known  minerals.  Ser- 
pentine, Talc  (Soap-Stone),  and  Chrysolite  (Olivine),  are  es- 
sentially ma^esic  silicates ;  and  in  many  other  native  silicates, 
including  the  Hornblendes,  Augites,  Chlorites,  and  some  vari- 
eties of  Mica,  magnesium  is  one  of  the  principal  basic  radicals. 

315.  'Magnesic  Chloride,  MgCl^  —  Found  dissolved  in  sea- 
water,  and  the  cause  of  its  bitter  taste.  Obtained  by  dissolving 
magnesic  carbonate  in  hydrochloric  acid,  and  evaporating  in  an 
atmosphere  of  hydrochloric  acid  gas.  If  evaporated  in  the  air, 
the  salt  is  partially  decomposed.  Very  fusible.  Used  for  making 
magnesium.     Forms  double  salts  with  alkaline  chlorides  (184). 

816.  Characteristic  Reactions,  —  Magnesium,  although 
closely  related  to  calcium,  is  distinguished  from  the  alkaline 
earths  by  the  great  solubility  of  its  sulphate,  also  by  its  ten- 
dency to  form  soluble  double  salts  with  ammonium,  in  cons^ 
quence  of  which  no  precipitate  informed  in  solutions  of  its  salts 
either  by  ammonia  or  ammonic  carbonate,  when  sufficient  excess 
of  some  ammonia  salt  is  present.  The  ammonic  magnesian 
phosphate,  however,  (i^^Z/iVil^jlOel-Pj^i  •  12-fliO  is  insoluble, 
and  is  formed  whenever  sodic  phosphate  is  added  to  an 
moniacal  solution  of  a  magnesium  salt.  This  reaction 
the  most  delicate  test  for  maigciealum  salts. 
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817.   ZmC  ^  =  65.2.  —  Dyad    One  of  the  more  abun- 
dant metallic  elements.     The  principal  ores  are 


Red  oxide  of  Zinc^ 

ZnO 

Hexagonal, 

Blende 

ZnS 

Isometric, 

Smithsonite 

Zno-00 

Hexagonal, 

Calamine 

Zno^^Si  .211^0 

Tri  metric 

The  ores  are  reduced  by  first  roasting  or  calcining  until  the 
metal  is  in  the  condition  of  an  oxide,  and  then  distilling  with 
a  mixture  of  coal  in  earthen  retorts  or  muffles. 

318.  Metallic  Zinc.  Zn.  —  Sp.  Gr.  6.8  to  7.2.  Fuses  at 
500°.  Boils  at  a  red  heat.  The  polished  surface  has  a  bright 
lustre,  with  a  bluish  tint,  but  soon  tarnishes  in  moist  air.  Has 
a  crystalline  structure,  but,  although  brittle  both  at  a  high  and 
a  low  temperature,  it  may  readily  be  rolled  out  into  sheets  at  a 
temperature  of  about  140°.  Sheet-zinc  is  nearly  as  cheap  as 
sheet-iron  ;  and  since  it  does  not  rust,  or  at  most  only  very  su- 
perficially, it  is  preferable  for  many  purposes.  Iron,  however, 
is  a  much  stronger  metal,  and  is  frequently  coated  with  zinc  to 
protect  it  from  rusting.  It  is  then  said  to  be  galvanized.  Zinc 
readily  dissolves  in  dilute  acids  with  the  evolution  of  hydrogen, 
and  is  much  used  in  the  laboratory,  together  with  dilute  sul- 
phuric acid,  for  making  this  gas.  The  metal  is  first  granulated 
by  pouring  it,  when  melted,  into  water.  When  boiled  with  a 
solution  of  caustic  soda  or  potash,  it  also  dissolves  with  evolution 
of  hydrogen. 

Zn  +  (2Ab-jy-f  Aq)  =  (Ko^^Zn  +  Aq)  -f  S-SL   [330] 

It  is  used  as  the  electro-positive  metal  in  the  galvanic  battery. 

319.  Zincic  Oxide,  ZnO,  which  is  made  in  large  quantities 
by  burning  zinc  vapor  at  the  mouth  of  the  reduction  furnaces, 
is  a  very  light  white  powder,  much  used,  when  mixed  with  oil, 
as  a  white  paint.  A  denser  oxide  is  obtained  by  calcining 
zincic  nitrate. 

320.  Zincic  Hydrate,  Zn^Ho^  is  formed  by  the  reaction 

(ZnSO,  +  IK'Ho  +  Aq)  =  Za'Ho^^  {K^SO^-^Aq),  [331] 

but  is  soluble  in  an  excess  of  reagent. 

1  The  color  is  due  to  the  preMnce  of  a  smaU  amotmt  of  manganese. 
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821.  SRneie  CaritmaU^  ZmCO^  is  womorpbooi  with  magn^ 
ate  aod  calcite.  When  prepared  bj  precipitadoD,  a  mixture  of 
hydrate  and  carbonate  is  formed,  as  in  (312). 

322.  Zin»ic  Sulphate  {White  Vitriol).  ZnSO^.lS^O.^Yerj 
soluble  salt,  isomorphous  with  Epeom  salt,  which  it  doselj  re- 
sembled in  most  of  its  chemical  relations,  forming  similar  double 
halts.     Preparation  as  in  [G4].     Used  in  pharmacy. 

323.  Zincic  Chloride.  ZuCl^  —  A  solution  of  zinc  in  hjdn^ 
chloric  acid  can  be  concentrated  by  evaporalioo  without  deoom- 
po^itioD.  All  the  water  is  not  driven  off  until  the  temperature 
reaches  250^.  The  result  is  a  thick  syrup,  which  forms,  oo 
cooling,  a  white,  deliquescent  solid,  melting  at  100%  called  by 
the  alchemists  Butter  of  Zinc  It  has  an  intense  affinity  Ibr 
water,  and  by  its  aid  the  elements  of  water  may  frequently  be 
removed  from  a  chemical  compound  without  producing  any 
further  change.  Thus,  alcohol  may  be  converted  by  it  into 
ether  or  ethelyne.     According  to  the  proportions  used,  we  have 

CAO—H^O=C^,   or  2CAO—H^O=2CJTfi.l^i\ 


For  the  same  reason  it  acts  as  a  cautery  on  the  akin.  It  ii 
also  used  in  solution  as  an  antiseptic  and  disinfecting  agent. 

324.  Zinc  -and  the  Alcohol  Radieak.  —  Zinc  Methidi^ 
Zn-(CH^)^x  ZincEthide,Z/i=(C^5),;  ZincAmyUde,2fi-(Q^uV 
Observed  Sp.  (Sr  of  vapor,  3.29,  4.26,  and  6.95  respectivdy. 
Obtained  both  by  beating  zinc  with  the  iodides  of  methyl,  ethyl^ 
or  amyl  in  sealed  tubes,  and  by  the  action  of  zinc  on  the  nwi^ 
cury  compounds  of  the  same  radicals.  They  are  aD  three 
colorless,  transparent,  strongly  refracting,  and  mobile  liquida 
They  are  also  volatile,  boiling  at  the  temperatures  of  46^,  113^, 
and  220"^  respectively.  Tliey  are,  likewise,  highly  inflammable^ 
and  the  first  two  take  fire  spontaneously  in  the  air.  As  Ibeie 
compounds  do  not,  as  a  whole,  combine  with  any  of  the  el^ 
ments,  their  molecules  are  evidently  saturated,  and  they  are 
interesting  as  fixing  beyond  all  doubt  the  atomic  relatiooe  ef 
zinc  Moreover,  they  are  useful  reagents  in  many  prooesM 
of  organic  chemistry. 

325.  Characteristic  Reactions.  —  Zinc,  like  magnesimiii 
forms  soluble  double  salts  with  ammonia,  but  it  is  easily  distill* 
guished  by  the  Utci  that  its  bulphide  is  insoluble,  not  only  m 
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solutions  of  the  fixed  alkalies,  but  also  in  those  of  ammonia  and 
its  salts.  Hence  it  is  precipitated  from  all  alkaline  solutions  bj 
sulphuretted  hydrogen.  The  sulphide  thus  obtained  is  a  white 
precipitate,  soluble  in  dilute  mineral  acids,  but  insoluble  in 
acetic  acid. 

326.  INDIUM.  In  =  72.  Sp.  Gr.  7.42.  CADMIUM. 
Ctf  =  112.  Sp.  Gr.  8.69.  —  Dyads.  Two  rare  metallic  ele- 
ments associated  with  zinc  Indium  only  in  exceedingly  mi- 
nute quantities,  and  at  Tery  few  localities.  Cadmium  far  more 
generally,  and  in  much  liurger  amounts.  Indium  is  less  vola- 
tile, and  cadmium  more  volatile,  than  zinc,  and  hence  in  distill- 
ing zinc  from  its  ores  the  cadmium  is  found  in  the  ''zinc dust** 
which  is  collected  in  the  early  stage  of  the  process,  while  the 
indium  comes  over  later  with  the  great  mass  of  the  zinc,  with 
which  it  remains  alloyed.  With  sufficient  differences  to  mark 
their  individuality,  these  metals  resemble  zinc  in  almost  every 
particular.  They  form  similar  oxides  and  hydrates,  similar  soU 
uble  salts  with  hydrochloric,  nitric,  and  sulphuric  acids,  similar 
soluble  compounds  with  ammonia  salts,  similar  light-colored  suU 
phides  insoluble  in  alkaline  solutions  and  acetic  add.  Cadmi- 
um differs  from  the  others  in  this  respect,  that  its  hydrate  is 
insoluNe  in  caustic  soda  or  potash,  its  basic  carbonate  insoluble 
in  excess  of  ammonic  carbonate,  and  its  yellow  sulphide  insola"> 
ble  in  dilute  mineral  acids.  This  sulphide  is  found  in  nature, 
and  the  mineral  is  called  Greenockite.  Zinc  precipitates  cad<» 
mium  from  solutions  of  its  salts,  and  both  zinc  and  cadmium 
precipitate  indium.  Indium  and  cadmium  are  more  fusible  than 
zinc,  and  form  very  fusible  alloys.  Indium  melts  at  176®,  cad- 
mium at  242"^,  and  an  alloy  of  cadmium  with  lead,  tin,  and  bis- 
muth has  been  made  which  melts  at  60**.  Cadmium  boils  at 
860**,  and  the  Sp.  Gr.  of  its  vapor  has  been  found  by  obser- 
vation to  be  56.85.  Indium  and  cadmium  bum  when  heated 
before  the  blow-pipe,  the  first  yielding  a  yellow,  and  the  last 
a  brown  oxide,  very  unlike  the  white  oxide  of  zinc  Although 
so  closely  allied  to  magnesium  and  zinc,  these  associated  ele- 
ments probably  belong  to  a  different  although  parallel  series, 
and  the  relation  between  the  atomic  weights  of  the  four  ele- 
ments is  in  harmony  with  this  view.  All  these  four  metals 
show  very  characteristic  bands  with  the  spectroscope,  and  in- 
dium vTRA  first  discovered  by  the  well-marked  indigo-blue  band, 
from  which  it  takes  its  name. 
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Questions  and  Problems. 

1.  Write  the  reaction  of  sodiam  on  magnesic  chloride. 

2.  When  water  is  decomposed  by  magnesium,  what  are  the  prod- 
ucts ?    Write  the  reaction.     [43.] 

8.  How  do  you  account  for  the  intense  brilliancy  of  the  lig^ 
emitted  by  burning  magnesium  ?     (95.) 

4.  Write  the  reaction  of  water  on  calcined  magnesia.     [45.] 

5.  Write  the  reaction  of  solution  of  caustic  soda  on  solutioo  of 
magnesia  chloride. 

Ans.  {MgCl^  +  2NaHo  -f-  Aq)  =  MgHo^  -f-  {2Naa  +  ilj.) 

6.  Represent  the  composition  of  hydromagnesite  by  gn^ihk 
symbols. 

7.  Represent,  graphically,  the  compound  radicals  Mgo^  CaOy  Zna, 
and  show  their  relations  to  hydroxyL 

8.  Represent,  graphically,  the  composition  of  Dolomite. 

9.  Wliat  do  you  understand  by  the  term  isomorphous  mixture  ? 

10.  Explain  the  theory  of  the  preparation  of  magnesic  carbooate 
from  Dolomite. 

11.  The  symbol  of  magnesic  sulphate  may  be  written  MgSO^ 
or  Mg-O^SO^^  or  Mgo-SO^  What  different  ideas  do  these  fiMiDi 
suggest? 

12.  Write  the  reaction  of  sulphuric  acid  on  the  two  constitttenti 
of  dolomite,  and  show  how  pure  Epsom  salt  may  be  thus  prepared. 

13.  Write  the  reaction  of  a  solution  of  gypsum  on  magnesio 
carbonate. 

14.  Represent  by  graphic  symbols  MgSO^ .  Hfi. 

15.  Represent  by  graphic  symbols  the  composition  of  potasMO 
magnesic  sulphate,  and  explain  the  relations  of  the  crjrstallized  salt 
to  Epsom  salt. 

16.  Write  the  reaction  of  hydrochloric  acid  on  magnesic  carbonateb 

17.  Explain  the  decomposition  which  results  when  a  solution  of 
magnesic  chloride  is  evaporated  in  the  air,  and  why  an  atmosphere 
o£  IICl  should  prevent  the  change. 

18.  What  is  the  difference  between  the  relations  of  baric  and 
magnesic  carbonate  to  calcic  carbonate  ? 

Ans.  The  first  is  related  to  ^Vragonite,  the  second  to  Calcite. 

19.  What  is  the  difference  between  the  reactions  of  sodic  carbon- 
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ate  on  solutions  of  calcic  and  magneeic  salts,  and  on  what  does  the 
difference  depend  ?    Write  the  reactions  in  the  two  cases. 

20.  What  is  the  difference  between  the  reaction  of  ammonic  car- 
bonate on  the  same  solutions  ? 

21.  Write  the  reaction  of  sodic  phosphate  on  a  solution  of  mag^ 
nesic  and  ammonic  chloride. 

Ans.  (,MgCl^  +  NH^  -f  HyNa^O^PO  +  Aq)  =» 

(]VHJ,IIIgK>^PO  .  6H,0  +  (2Naa  +  Aq.) 

22.  Write  the  reactions  when  zinc  blende  and  smithsonite  are 
calcined. 

Ans.  ZnCO^  =  ZnO  -[-  CO^,  and  2ZilS  +  SCfiHS)  = 

2ZnO  -f-  2S0^ 

23.  Write  the  reaction  when  zincic  oxide  is  reduced. 

Ans.  ZnO  +  C  =  0n  +  (9®. 

24.  Write  the  reactions  of  dilute  sulphuric,  hydrochloric,  and 
acetic  acids  on  zinc. 

25.  What  part  does  zinc  play  in  reaction  [880]  ? 

26.  In  what  different  ways  may  the  symbol  of  zincic  hydrate  be 
written?  Ans.  Zn-Ch^H^^  Zn=Ho^  Zno=H^ 

27.  When  zincic  hydrate  dissolves  in  caustic  soda,  what  is  formed  ? 

28.  Write  the  reaction  of  sodic  carbonate  upon  a  solution  of  zincic 
sulphate,  assuming  that  three  molecules  of  zincic  hydrate  are  formed 
to  every  two  molecules  of  zincic  carbonate. 

Ans.  (5ZnS0,  +  bNa^CO^  +  ^Hfi  +  Aq)  = 

2Zn€0,  +  dZnUo,  -f  (bNa^SO^  +  Aq)  +  8®®,. 

29.  In  what  different  ways  may  the  symbol  of  zincic  sulphate  be 
written,  both  the  anhydrous  salt  and  the  salt  with  one  molecule  of 
water?    Represent  graphically. 

80.  Write  the  symbol  of  potassic  zincic  sulphate.  What  is  the 
crystalline  form  of  this  double  salt,  and  with  how  many  molecules  of 
water  does  it  crystallize  ? 

81.  Write  the  reaction  of  ammonic  sulphide  on  a  solution  of  zincic 
sulphate. 

Ans.  {ZnSO^  +  (NH;)^S  +  Aq)  = 

ZnS  +  ((NH;),S0\  +  Aq). 

82.  Write  the  reaction  of  sulphuretted  hydrogen  on  a  solution  of 
zincic  acetate. 

83.  Would  zincic  sulphide  be  precipitated  from  a  solution  of  zincic 
chloride  containing  an  excess  of  hydrochloric  acid  ?  What  is  the 
difference  between  this  case  and  that  of  82  ?    (21.) 

16 
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84.  Write  flie  reacfioD  oTdilnte  sulphuric  acid  oo  cadmium. 

35.  TTrifee  tbe  reaction  of  sodic  Bjdrate  on  aolatioa  of  cadmie 
sulphate. 

36.  Write  the  reaction  of  zinc  on  solntion  of  indiom  chloride. 

37.  Write  the  reaction  of  sulphuretted  hjdrogen  on  solution  of 
cadmie  chloride. 

38.  By  what  reactions  may  cadmium  he  separated  from  zinc  ? 
Ans.  By  metallic  zinc,  by  amnionic  carbonate,  and  bj  sulphurs^ 

ted  hydrogen. 

39.  What  is  the  electrical  order  of  magnesium,  zinc,  indium,  and 
cadmium  V 

40.  Assuming  that  the  atomic  wei^iht  of  cadmium  is  1 1 2,  what  iih 
ftrrence  may  be  drawn  from  the  Sp.  Gr.  of  its  vapor  in  regard  to  the 
coniititutiun  of  its  mulecule  ?  Does  the  conclusion  have  any 
on  the  other  dyad  elements  ? 
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Divtsiom  VJLLL.  and  IX. 

827.  GLUCINUM.  Gl  =  9.3.  —  Dyad.  A  metallic  ele- 
ment, found  only  in  the  Beryl,  Glo^l{Si^O^\Al^j  the  Chryso- 
beryl,  Gh-Al^Of,  and  a  few  other  rare  minerals.  The  metal  is 
very  light,  Sp.  Gr,  2.1,  is  malleable,  has  a  bright  white  lustre, 
does  not  alter  in  the  air  even  when  heated,  and  does  not  decom- 
pose aqueous  vapor  at  a  red  heat  It  resembles  aluminum,  as 
do  also  its  oxide,  hydrate,  and  chloride  the  corresponding  com- 
pounds of  the  same  metaL  The  hydrate  differs,  however,  from 
that  of  aluminum  in  several  important  respects.  Although  sol- 
uble in  caustic  alkalies,  it  is  again  precipitated  on  boiling  the 
diluted  solution.  It  dissolves  in  solutions  of  carbonate  of  am- 
monia, with  which  it  forms  a  crystalline  salt  It  yields  with 
sulphuric  acid  a  well-crystallized  sulphate,  GISO^ .  Aff^O,  which 
forms  with  potassic  sulphate  a  double  salt,  KnGh{S04)2 .  2/^0, 
wholly  different  from  alum.  Lastly,  it  absorbs  CO2  from  the 
air.  The  salts  of  this  metal  have  an  acid  reaction  and  a  sweet 
taste,  whence  the  name  from  yXvxvc. 

328.  YTTRIUM,  r=61.7,  and  ERBIUM,  ^=112.6. 
»—  Dyads.  Metallic  elements  associated  together  in  Gadolinite, 
Tttrotantalite,  and  a  few  other  very  rare  minerals.  First  rec- 
ognized in  the  specimens  from  Ytterby,  in  Sweden,  whence  the 
names.  In  most  of  their  relations  they  quite»  closely  resemble 
gluciuum.  They  differ,  however,  from  it  in  forming  insoluble 
oxalates,  and  hence  are  precipitated  on  adding  an  excess  of  ox- 
alic acid  to  solutions  of  their  salts.  Their  hydrates  also  are  in- 
soluble in  caustic  soda  or  potash,  although  they  dissolve  readily 
in  sohitious  of  ammonia  and  its  carbonate.  The  oxide  of  yttrium 
is  whit(N  that  of  erbium  slightly  rose-colored.  Oxide  of  er- 
bium, when  heated  in  a  colorless  flame,  shines  with  a  green  light, 
although  it  does  not  volatilize ;  and  with  the  spectroscope  the 
unique  phenomenon  is  seen  of  brilliant  colored  bands  superim- 
posed on  a  continuous  spectrum.  Moreover,  solutions  of  erbium 
salts  ab:<orb  the  same  colored  rays  which  the  ignited  oxide 
emits ;  and  when  a  luminous  flame  is  viewed  with  a  spectro- 
scope through  such  a  solution,  dark  bands  are  seen  which  have 
the  same  position  as  the  luminous  bands  just  mentioned.  The 
salts  of  yttrium  exhibit  no  phenomena  of  this  kind. 
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329.  CERIUII.  Cfe  =  92.  LANTHANUM.  Za  =  93.6. 
DIDYMIUM.  D  =  95. — These  three  rare  elements  are  found 
inseparably  united  in  Cerite,  Allanite,  Lanthanite,  Tttrooeritei 
Parisite,  and  several  other  very  i«re  minerals.  They  are  not 
unfrequently  associated  with  the  ekments  of  the  last  sectkxi, 
which  they  resemble  in  many  particulars,  bat  they  differ  from 
them  in  forming  with  potassium  insoluble  double  sulphates,  and 
hence  they  are  precipitated  on  adding  an  excess  of  potassic  sul- 
phate to  ^olutions  of  their  salts.  They  all  yield  oxides  of  the 
fonu  RO,  but  cerium  differs  from  the  other  two  in  forming  a 
higher  oxide,  probably  Ce^O^  which,  when  heated  with  hydn^ 
chloric  acid,  evolves  chlorine.  The  oxides  of  cerium  and  lan- 
thanum are  more  or  less  colored,  and  that  of  didymium  is  dark 
brown.  The  salts  of  didymium  are  pink  or  violet  colored,  and 
when  in  solution,  even  in  small  quantities,  absorb  powerfully 
certain  rays  of  light;  and  the  spectrum  of  a  luminous  flame 
viewed  through  such  a  solution  shows  a  strong  absorptiou  band 
in  the  yellow  and  another  in  the  green.  As  these  bands  difo 
wholly  from  those  of  erbium,  they  enable  us  to  recognize  with 
certainty  the  presence  of  didymium,  as  none  of  its  associated 
elements  produce  any  such  effect  Moreover,  since  the  duu^ 
acteristic  absorption  bands  are  seen  with  reflected  as  well  as 
with  transmitted  light,  we  are  enabled  to  extend  this  mode  of 
investigation  even  to  opaque  solids. 

In  regard  to  tlte  elementary  substances  but  little  is  knowa 
Cerium,  which  has  been  obtained  by  reducing  its  chloride  with 
sodium^  is  a  soft  metal  like  lead.  When  polished,  it  exhibits  a 
high  metallic  lustre,  and  its  specific  gravity  is  about  5.5. 

Qttestians  and  Problems, 

1 .  Some  chemists  regard  glucina  as  a  sesquioxide,  like  ahunioii 
and  hence  write  the  symbol  Gl^O^  What  would  then  be  the  atoouo 
weight  of  glucinum  ?  Ans.  14. 

2.  By  what  two  reagents  may  the  elements  of  this  section  be  di- 
vided into  three  groups  V      Ans.  Oxalic  acid  and  potassic  sulphate. 

3.  When  mixed  with  the  other  allied  oxides,  the  amount  of  eerie 
oxide  present  may  be  determined  by  dissolving  out  of  contact  witk 
the  air  a  weighed  amount  of  the  mixed  oxides  in  hydrochloric  acid» 
to  which  some  potassic  iodide  has  been  added,  and  then  finding  by 
[272]  the  quantity  of  iodine  thus  set  finee.  Write  the  reactioiis  iUiii- 
trating  the  theory  of  the  process. 

Ans.  in  part  Cefi^  +  %HCl »  ZCt(\  +  4lf.O  -^CUX 
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880.  NICKEL.  Ni  =  58.8.  —  QuantiTalence  usually  two. 
One  of  the  less  abundant  metallic  elements.  The  chief  native 
compounds  are 

Breithauptite  Hexagonal  -2Vt^[/S^], 

Kupfernickel  Hexagonal  Ni^As^y 

Chloanthite  (Niocoliferous 

Smaltine)  Isometric  JVts[^s,], 

Nickel  Glance         Isometric  i\rt2[.^[JsJ], 
Rammelsbergite      Orthorhombic  Ni^As^^ 

Millerite  Hexagonal  Ni^S^ 

Bunsenite  Isometric  Ni^Oy 

Nickel  Vitriol         Monoclinic  iW= 0^-SO^ .  IH^  0, 
Annabergite  (Nickel 

green)  Monoclinic  Nij^l  0^{As  0)^ .  8^,  0, 

Emerald  Nickel  (ZaraUte)  Ni^l  0^,1  GO,H, .  4JI^  0, 

Genthite  [NiyMg']^  vui  0^  ^Si^  0, .  6 jHJ  0. 

The  metal,  however,  is  obtained  chiefly  from  a  niccoliferous 
iron  pyrites  (magnetic  variety),  which  only  contains  the  element 
88  an  accest^ory  constituent.  The  native  arsenides,  and  an  im- 
pure regulus  (called  spetss)  formed  in  the  preparation  of  smalt, 
are  the  other  sources  of  the  nickel  of  commerce.  The  process 
of  extracting  the  metal  is  complicated  and  tedious.  It  consists 
in  ro&sting  the  ore,  dissolving  the  resulting  oxides  in  acid,  and 
precipitating  first  the  associated  metals,  and  afterwards  the 
nickel,  by  appropriate  reagents.  The  chief  difficulty  is  to  sep- 
arate from  the  nickel  the  more  valuable  cobalt,  with  which 
nickel  is  almost  invariably  associated,  and  to  which  it  is  very 
dosely  allied. 

Metallic  nickel,  Sp.  Gr.  8.82,  has  a  silver-white  color,  a  bril- 
liant metallic  lustre,  and  does  not  tarnish  when  exposed  to  the 
atmosphere.  It  has  great  tenacity  and  malleability,  and,  were 
it  more  abundant,  would  rival  even  iron  in  the  number  of  its 
applications  in  the  useful  arts.  Nickel  resembles  iron  in  many 
of  its  qualities.     When  pure,  it  is  nearly  as  infusible  as  wrought' 
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«Vofi,  and  maj  be  forged  in  a  siinitar  way.  When  combined 
with  a  small  amount  of  carbon,  it  may,  like  catt-iron,  be  fused 
in  an  ordinary  wind  furnace.  Nickel  is  alao,  like  iron,  soaoep- 
tible  of  magnetism,  but  the  mngnetic  power  is  less  marked,  and, 
when  heated,  it  loses  this  virtue  at  a  much  lower  temperature. 
Moreover,  like  iron,  nickel  is  soluble  in  dilate  snlpharic  or 
hydrochloric  acids  with  evolution  of  hydrogen  gas,  but  the  ao^ 
tion  is  less  energetic,  and  the  metal  dissolves  only  slowly.  The 
best  solvents  are  nitric  acid  and  aqua  regia.  Nickel  forms  with 
copper  a  brilliant  white,  hard,  tenacious,  malleable  alloy,  tad 
a  small  amount  of  nickel  will  whiten  a  large  body  of  copper. 
This  alloy  is  much  used  for  coinage,  and  as  the  basis  of  the 
better  kinds  of  electrotype  plate.  German  silver  is  an  alloy  of 
copper,  zinc,  and  nickel  in  about  the  proportion  of  5:3:1 
Nickel  may  also  be  alloyed  with  iron,  and  is  a  constant  constit- 
uent of  the  metallic  meteorites.  Nickel  readily  combines  with 
each  of  the  members  of  the  chlorine  group  of  elements,  but 
only  in  one  proportion,  and  the  compounds  thus  formed,  NiF^ 
Nidi,  &c,  are  all  soluble  in  water. 

There  are  two  oxides  of  nickel.  The  protoxide,  i\^0,  is  an 
olive-green  powder,  readily  obtjiined  by  igniting  either  the  Bi- 
trate  or  the  carbonate  of  the  metal.  It  is  a  basic  anhydride^ 
dissolving  readily  in  the  mineral  acids,  and  forming  the  ordinarj 
nickel  salts,  in  all  of  which  Xi  acts  a$  a  bivalent  radical  The 
sesquioxide,  Ni^O»  is  a  black  powder,  also  obtained  by  ignitiof 
the  nitrate,. but  at  a  lower  temperature.  It  is  an  unstable  oom- 
pound,  and,  when  heated,  is  resolved  into  the  lower  oxide  and 
oxygen  gas.  It  is  not  a  basic  anhydride,  and,  when  heated  with 
the  mineral  acids,  one  third  of  the  oxygen  is  given  off  as  beforfii 
and  a  salt  of  the  ordinary  type  is  the  result.  In  the  sesquiox* 
ide,  Ni  is  a  quadrivalent,  but  the  doable  atom  (Hi^  acts  oi  a 
sexivalent  radical.  The  tendency  to  form  radicals  of  this  lift 
tyiM*,  which  is  only  fore^^hadowed  in  nickel,  becomes  a  strikiif 
cliarartcr  in  the  elements  which  follow  in  our  classification. 

Of  the  crystallized  soluble  salts  of  nickel,  the  most  ooounoB 

Wiooolous  Chloride  NiCl^ .  9^0, 

eoloiis  Nitrate  iri'-0,-(JVO,), .  6Zr,0, 

olous  Salphate  NiJI^iO^SO .  6^,0, 

mtontanfatmi  Salphftta  £RJSj^O^{SO^^ .  6J%a 
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The  salts  of  nickel,  both  when  crystallized  and  when  in  so- 
lution, have  a  characteristic  green  color;  but,  when  rendered 
anhydrous  by  heat,  this  color  changes  to  yellow.  From  their 
solutions  the  fixed  alkalies  precipitate  a  hydrate,  and  the  alka- 
line carbonates  a  basic  carbonate,  of  nickel,  both  forming  pale- 
green  precipitates.  The  first  is  probably  the  definite  compound 
J!^i=0.£'H^\  but  the  composition  of  the  second  varies  with  the 
temperature,  strength,  and  proportions  of  the  solutions  em- 
ployed, and  the  product  is  closely  analogous  to  the  precipitates, 
which  are  obtained  under  similar  conditions  from  solutions  of 
the  salts  of  magnesium  or  zinc 

The  salts  of  nickel  readily  combine  both  with  ammonia  and 
with  the  ammonium  salts.  A  large  number  of  products  may 
thus  be  formed,  which  are  easily  soluble  in  water.  The  fol- 
lowing crystalline  compounds,  which  indirectly  play  an  impor- 
tant part  in  some  of  the  methods  of  qualitative  analysis,  will 
serve  as  types  of  the  class :  — 

From  solutions  of  such  ammoniacal  compounds,  and  from 
other  alkaline  solutions  containing  nickel,  the  metal  is  precipi- 
tated as  \^Ni^l0^lHQ^  both  by  chlorine  gas  and  by  the  alkaline 
hypochlorites.  The  precipitate  has  an  intense  black  color,  and 
this  reaction  is  one  of  the  most  delicate  tests  for  nickel,  but 
does  not  distinguish  it  from  cobalt.  Nickel  is  also  precipitated 
from  alkaline  solutions  by  H^S  or  by  alkaline  sulphides.  The 
black  precipitate  thus  obtained  has  the  same  composition  as 
Millerite,  NiS,  It  is  insoluble  in  the  dilute  mineral  acids,  al- 
though in  acid  solutions  of  nickel  salts  H^S  gives  no  precipitate. 
Two  other  sulphides  of  the  element,  Ni^S  and  NiS^  have  been 
described. 

831.  COBALT.  Co  =  58.8.  —  Quantivalence  usually  two. 
Associated  with  nickel  in  the  same  ores,  but  less  abundantly 
distributed.  Most  of  the  minerals  enumerated  in  the  last  sec- 
tion contain  cobalt  When,  however,  this  metal  preponderates, 
they  are  in  most  cases  cla'ssed  as  separate  mineral  species,  and 
receive  distinct  names.  No  cobalt  mineral  corresponding  to 
Kupfernickel  or  Breithauptite  has  been  found,  but  we  have 
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Smaldne  Isometric  Coi[J«J, 

Cobaltine  Isometric  Co^lSg^^As^'}, 

Linnseite  Isometric  Co^S^ 

Glaucodot  Orthorhombic  Cb^[*Si,(-4*^], 

Syepoorite  Co=#Si 

Cobalt  Vitriol  Monoclinic  Co'OfSOt .  7J3;0, 

Erjthrite  (Ck>balt  Bloom)  Monoclinic  Co3iO<|(JjO),.8i^a 

To  these  must  be  added  an  impure  oxide  of  cobalt  (Eartlij 
Cobalt),  and  a  mineral  called  Remingtonite,  which  probablj 
corresponds  to  Emerald  Nickel.  There  is  a  variety  of  Lid- 
naeite,  called  Siegenite,  which  contains  a  large  proportion  of 
nickel ;  but  no  purely  niccoliierous  compound  of  this  type  ifl 
known. 

In  all  their  chemical  relations,  the  two  metals  here  associ- 
ated resemble  each  other  so  closely  that  the  description  of 
nickel  given  above  applies  almost  word  for  word  to  cobalt,  and 
it  is  only  necessary  to  indicate  farther  the  points  of  diflTerence. 

Metallic  cobalt  rusts  more  readily  than  nickel,  but  less  read- 
ily than  iron.  It  is  magnetic,  and  possesses  valuable  qualitieii 
but  is  so  costly  that  it  has  received  no  application  in  the  arts. 

Cobalt  forms  but  one  stable  compound  with  either  of  the  mem* 
bers  of  the  chlorine  group  of  elements,  Co  01^  &c. ;  but  by  dis- 
solving Co^Os  in  hydrochloric  acid  a  red  solution  is  obtained, 
which  is  supposed  to  contain  Co^Cl^.  The  compound,  however, 
18  very  unstable,  for  the  solution  evolves  chlorine  on  the  slight- 
est elevation  of  temperature. 

There  are  three  well-marked  oxides  of  cobalt  Cobaltou 
Oxide,  CoO;  Cobaltic  Oxide,  CbjOj;  Cobaltous-cobaltic  Ox- 
ide, CbjO^;  but,  besides  these,  several  others  have  been  dis- 
tinguished, which  are  probably  either  mixtures  or  molecular 
aggregates  of  the  first  two.  Not  only  is  CoO  9i  strong  basic 
anhydride,  like  NiO,  but  also  Co^O^  dissolves  in  acids,  espe- 
cially in  acetic  acid,  forming  salts.  We  have,  therefore,  to  dis> 
tinguish  between  cobaltous  and  cobaltic  salts ;  but  the  last  an 
very  unstable  and  little  known. 

The  ordinary  cobaltous  salts,  when  crystallized,  are  red,  bat 
are  usually  lilac-colored  when  anhydrous,  and  the  pink  solu- 
tions, which  they  yield  with  water,  become  blue  when  oonoen- 
trated.     On  this  change  of  color  depends  the  virtue  of  certain 
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sympathetic  inks.  From  solutions  of  these  salts,  potassic  or 
sodic  hydrate  precipitate  Co-O^H^  which  has  a  delicate  rose- 
color.  The  pale-blue  precipitate,  which  generally  falls  first,  is 
a  basic  salt  of  cobalt,  but  if  warmed  with  an  excess  of  the  re- 
'  agent,  it  soon  acquires  the  composition  and  color  of  the  normal 
hydrate.  If  exposed  to  the  air  this  hydrate  absorbs  oxygen 
rapidly,  and  changes  to  a  dingy-green  color.  The  normal  co- 
baltic  hydrate  is  not  known.  The  black  precipitate  obtained 
by  the  action  of  chlorine  or  the  hypochlorites  on  alkaline  solu- 
tions containing  cobalt  is  the  second  anhydride  of  this  hydrate, 
or  0^\^Co^''0{-H.^  The  same  compound  is  formed  when  chlo- 
rine gas  is  passed  through  water  or  a  solution  of  caustic  potash 
holding  cobaltous  hydrate  in  suspension.  When  the  alkali  is 
used,  the  whole  of  the  hydrate  is  converted  into  the  cobaltio 
compound ;  but  with  pure  water  only  two  thirds  as  much  are 
obtained.  Tiie  compound  of  nickel  formed  under  the  same 
conditions  is  supposed  to  be  the  normal  niccolic  hydrate. 

The  tendency  to  form  soluble  compounds  with  ammonia  and 
with  the  ammonium  salts  manifested  by  nickel,  appears  again 
and  more  prominently  in  the  allied  element  cobalt.  Moreover, 
there  are  cobaltic  as  well  as  cobaltous  compounds  of  this  class, 
and  the  last  tend  to  pass  into  the  first  by  absorbing  oxygen 
when  exposed  to  the  air.  The  number  of  these  compounds  is 
very  numerous.  They  have  a  very  complex  constitution,  and 
in  many  ca-^es  at  lea<^t  are  probably  formed  on  the  ammonia 
type.  We  may  rejrard  them  as  compounds  of  ammonio-cobalt 
bases,  to  several  of  which  distinctive  names  have  been  given. 
The  following  scheme  exhibits  the  relations  of  the  more  impor* 
tant  compounds :  — 

Cobaltous  Compounds. 
a>B  .  4:NB^  CoR  .  ^NHt, 


Cobaltic  Compounds, 

n 
[  C02  j  /?3 .    ^NH^    Fusco-cobaltic  salts. 

II 
[Cbjj/^g .  \ONH^    Roseo  or  Purpureo-cobaltic  salts. 

II 
[  Coj]i?8 .  I'^NH^    Luteo-cobaltic  salts. 

II 
I  the  above  symbols  R  stands  for  a  bivalent  add  radical 

16*  X 
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like  (SO,),  (CO,),  ((7,0,)  or  Cl^  (NO^), 
these  in  the  general  Bymbol,  we  obtain  the  specifie  sjinbob  of 
the  various  salts  of  the  assumed  bases ;  but  in  mo^  cai«t  thi 
crystallized  nalt  contains  in  addition  one  or  more  molecules  of 
water,  which  frequently  play  an  important  pan  in  its  eoiMitfr 
tion,  and  determine  marked  differences  of  qoaliciefl^  as  in  Ai 
following  typical  compounds:  — 

Purpureo-cobaltic  Chloride     [Cbj]C4  •  lONff^ 
\Umi^\Am\uc  Chloride  [Cb,]6r«  .  lO.VZT,  .  2B.0.   • 

XiuilhiMH>lMiltic  Chloride         [  CoJ  O; .  lO.V^,  .  A;b,  .  J^a 

Colmltou^  oxide  combines  with  many  of  the  basic  as  well  ai 
with  lilt'  no  id  anhydrides^yielding  in  several  cases  compomidi 
dihtiiifi^ui^hfd  by  great  brilliancy  of  coloring.  The  oompoond 
with  lA/^']0:i  is  known  as  Th^nard*s  blue,  that  with  ZrO u 
IUnnmn*M  green.  Such  compounds  are  formed  when  the  me- 
lallii'  oxides  moistened  with  a  solution  of  cobaltoos  nitrate,  are 
heiiled  iM^lort*  the  blow-pipe,  and  the  production  of  the  color  ii 
onci  of  the  nio>t  characteristic  blow-pipe  reactions. 

Oilmltoiis  oxide,  when  melted  into  glass  or  into  the  glaze  of 
fmrt)i(«nwiire,  ini|mrts  to  the  material  an  intenite  blue  color,  and 
the  liriliiiiney  and  the  depth  of  the  color  render  the  oxide  one 
of  the  ithwt  valuable  vitrifiable  pigments,  and  this  i^it  its  diief 
iiHO  in  the  arts.  The  blue  piprment  called  smalt,  used  for  color- 
ing |vii|HT  and  dressing  white  calicoes,  is  a  pulverized  alkafiae 
glann  •ili'onj;ly  colonel  with  the  oxide. 

(\ilmlt  is  di>tinguished  by  the  same  reactions  as  nickel  firom 
nil  «)tlii'r  iiieiallie  radicals.  From  nickel  it  is  distinguished, — 
KiiNi,  l»v  the  blue  color  which  the  oxide  gives  to  borax  gbni. 
Siviiii.llv,  by  the  fact  that  potassic  nitrite  precipiutes'  the  co- 
liall  t'niiii  nitric  or  acetic  acid  solutions,  while  it  does  not  predp- 
ilaic*  nifkel.  Thinlly,  by  the  circumstance  that  cyanide  of  oo- 
I  Ml  1 1  foruiN,  when  boiled  with  a  K)lution  of  pota^sic  cyanide  in 
runt  art  with  the  air,  a  compound  con-esponding  to  potassic  ferri- 
eyaiiide.  Tlie  solution  of  potassic  cobalti-cyanide  is  not  de- 
eiMii|M>sed  by  JJyO  or  by  alkaline  hypochlorites,  while  from  the 
milutiiin  of  the  cyanide  of  nickel  and  potassium,  formed  under 

I  Cull  I  position  of  jm»«*ifiit»t«»  tccordlnp  to  S.  P.  S«dtler, 
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the  same  circnmstances,  all  the  nickel  ia  precipitated  hy  the 
game  reagents. 

CoO+  (2Zr- CN-\-Aq)  =Co-(C W),+  (^,0+ J^.)   [388] 

4Co=(CI¥),  +  (12^-CAr+  4jy-aA^+  Aq)'^®=®  = 

(2Kil{C^^Co^)  4-  2H^0  +  Aq).  [334] 

If  io  +  (4^-cy  +  ir,o  +  Aq)  = 

(2^-c7^.iw«(Ciyr),4-2ir-o-fi^+j^).  [335] 

HgO  +  (2K-CN.  m"(CN)^  +  JI^O  4.  ^^)  = 

]Vi=Os=Hs  +  {2K-CN.  Hg'{CN\  +  J^y).  [336] 


Questions  and  ProUems. 

1.  Represent  by  graphic  symbols  the  constitatkm  of  Eapfemickel 

and  Chloanthite. 

%  In  the  symbol  of  Nickel  Glance,  In  what  relation  does  (he  sul- 
phur stand  to  the  arsenic  ?  Could  these  elements  replace  each  other 
by  single  atoms  ? 

8.  What  is  the  distinction  between  Chloanthite  and  lUmmels- 
bergite  ?  Does  the  same  distinction  reappear  in  the  corresponding 
compound  of  either  of  the  aUied  elements  ? 

4.  Have  any  facts  been  stated  which  prove  that  nickel  is  some" 
times  quadrivalent  ? 

5.  Represent  by  a  graphic  symbol  the  constitution  of  niccolous 
sulphate. 

6.  Write  the  reaction  of  sulphuric  acid,  and  also  of  hydrochloric 
acid,  on  iVt,0,. 

7.  Point  out  the  analogies  between  nickel  and  zinc. 

8.  The  precipitate  first  formed  by  ammonia  or  ammonic  carbon- 
ate in  solutions  of  the  salts  of  nickel  redissolves  in  an  excess  of  the 
reagent,  and  does  not  form  at  all  when  a  large  amount  of  anmionic 
chloride  is  present.    How  do  you  explain  these  reactions  ? 

9.  In  the  native  compounds  of  cobalt  this  element  is  more  or  less 
replaced  by  iron  and  nickel.  Write  the  symbob  of  Smaltine  and 
Cobaltine  so  as  to  indicate  this  fact. 
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10.  Represent  by  graphic  symbols  the  constitution  of  lanneite, 
and  also  that  of  Co^S^  and  Co5,,  the  only  other  sulphides  not  men- 
tioned in  the  text. 

11.  Represent  by  graphic  symbols  the  constitution  of  the  follow- 
ing oxides  and  oxysulphides,  Co^O^  Oo^Oj,  CofiS, 

12.  In  what  respects  do  the  oxides  and  sulphides  of  cobalt  differ 
from  those  of  nickel  ? 

13.  Write  the  reaction  of  chlorine  gas  on  cobaltous  hydrate,  firsti 
when  suspended  in  water,  and,  secondly,  when  suspended  in  solution 
of  caustic  potash.  Write  also  the  corresponding  reactions  which 
take  place  when  hydrate  of  nickel  is  similarly  treated. 

14.  Represent  the  composition  of  the  ammonio-cobalt  salts  by 
typical  symbols. 

15.  In  potassic  cobald-cyanide  what  is  the  quantivalence  of  co- 
balt ?     Do  the  cobalt  atoms  change  their  atomicity  in  [334]  ? 

16.  Analyze  reactions  [333]  to  [336],  and  show  that  the  differ- 
ences in  the  relations  of  cobalt  and  nickel  to  the  alkalipe  cyanides 
depend  on  differences  in  the  atomic  relations  of  the  two  elements. 
What  part  does  tiio  oxygen  of  the  air  play  in  [334]  ? 

1 7.  Potassic  cobalti-cyanide  is  formed  when  cobaltous  hydrate  is 
boiled  with  a  solution  of  potassic  cyanide,  there  being  free  access  of 
air.     Write  the  reaction. 

18.  Write  the  reaction  when  a  solution  of  potassic  hypochlorite 
(K'O-Cl)  is  added  to  the  product  of  reaction  [335]. 

1 9.  Point  out  the  resemblances  and  the  differences  in  tl^  chemi- 
cal relations  of  cobalt  and  nickel,  and  show  how  far  they  nuty  be 
traced  to  the  circumstance  that  the  radical  [Co,]  is  more  stable  than 
the  radical  [Ni^. 
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Division  XI* 

332.  MANGANESE,  ifn  =  55.  —  Quantivalence  two, 
four,  six,  and  possibly  eight.  A  tolerably  abundant  element, 
and  widely  diffused  throughout  the  mineral  kingdom,  entering 
into  the  composition  of  a  very  large  number  of  minerals.  The 
following  are  the  most  characteristic  or  important:  — 


Pyrolusite 

Braunite 

Hausmannite 

Psilomelane 

Wad 

Manganite 

Hauerite 

Manganblende 

Rhodonite 

Tephroite 

Triplite 

Manganese  Spar 

Mangano-calcite 


Orthorhombic 

Tetragonal 

Tetragonal 

Massive  ) 

Earthy  ]* 

Orthorhombic 

Isometric 

Isometric 

Triclinic 

Orthorhombic 

Orthorhombic 

Rhombohedral 

Orthorhombic 


MnO^ 

Mn^Os  or  (Mn'Si)Wtt, 

Mixtures  of  different 
oxides, 

MnS^ 
MnS, 

MniOfSU 

{lFe,Mnl-FyO^(PO)? 
Mn- 0^=00, 


The  elementary  substance  is  a  very  hard  and  brittle  metal,  Sp, 
Gr.  8.013.  It  has  a  grayish-white  color,  is  almost  infusible, 
and  very  slightly  magnetic.  It  oxidizes  rapidly  in  moist  air, 
and  decomposes  water  even  at  the  ordinary  temperature. 
There  appear  to  be  two  cfonditions  of  the  metal  corresponding 
to  wrought  and  cast  iron ;  but  its  properties  have  not  been 
thoroughly  studied.  It  is  obtained  with  difficulty  by  reducing 
the  oxide  with  carbon  at  a  very  high  temperature,  and  as  yet 
has  found  no  applications  in  the  arts.  Corresponding  to  the 
three  degrees  of  quantivalence  of  Manganese  are  three  classes 
of  compounds. 

1.  Manganous  compounds,  in  which  the  quantivalence  of  the 
element  is  two.  This  class  includes  all  the  manganese  minerals 
above  enumerated,  after  manganblende,  and  all  the  common 
soluble  salts  of  the  metal.  Among  the  last  the  most  important 
are 
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Manganous  Chloride  Mn  Cl^  .  (2.  or  4^0), 

Manganous  Sulphate  Mn^O^SO^ .  (4,  5,  or  IH^O)^ 

Dipotassic-manganoos  Sulphate    K^MnW^[^SO^^  .  6/^0. 

There  is  also  a  Bromide,  MnBr^ .  2H^0,  The  manganom 
compounds  are  distinguished  bj  a  delicate  pink  or  red  color. 
From  solutions  of  the  maifganous  salts,  potassic  or  sodic  hjr- 
drate  precipitate  a  white  hydrate,  Mn^^O^H^  which  absorbs 
oxygen  rapidly,  and  becomes  brown  when  exposed  to  the  air 
(Manganese  Brown).  In  like  manner  sodic  or  potassic  car- 
bonate precipitate  a  white  hydro-carbonate,  which  also  becomes 
brown  on  drying.  Anunonic  carbonate  also  produces  the  same 
precipitate,  and  does  not  redissolve  it  when  added  in  excess. 
Ammonic  hydrate,  on  the  other  hand,  gives  no  precipitate  in 
solutions  containing  an  excess  of  ammonic  chloride,  and  redts- 
solves  the  precipitate  which  first  forms  in  simple  aqueoas  solu- 
tions. Ammonio-manganous  salts  are  thus  formed,  and  two 
well-crystallized  ammonio-manganous  chlorides  have  been  de- 
scribed, MnCU  .  2NH^Cl .  H^O  and  MnCk  •  NH^Cfl .  2H^0. 

In  the  solution  of  a  manganous  salt,  sodic  phosphate  and  am- 
monia produce,  under  regulated  conditions,  a  highly  crystalline 
precipitate  having  the  composition  {NH^^Mn^lO^\{PO)^. 
2H2O.  This  precipitate  yields  on  ignition  a  pyrophosphate  of 
uniform  composition,  and  on  this  reaction  is  based  a  valuable 
means  of  determining  the  amount  of  manganese  in  quantitative 
chemical  analysis. 

Manganous  oxide,  Mn  0,  is  easily  obtained  by  reducing  either 
of  the  higher  oxides  with  hydrogen.  It  is  an  olive-green  pow- 
der, which  bums  if  heated  in  the  air,  thus  forming  the  ^  rtd 

Manganous  sulphide  is  precipitated  on  adding  an  alkaline 
sulphide  to  the  solution  of  a  manganous  salt,  as  a  flesh-col- 
ored hydrate,  MnS .  xH^O;  but  thirii  also  in  contact  with  the 
air  rapidly  oxidizes  and  turns  brown.  It  readily  dissolves  in 
the  dilute  mineral  acids,  and  also  in  acetic  acid.  The  same 
tendency  to  form  compounds,  in  which  manganese  presents  a 
higher  order  of  quantivalence,  is  exhibited  by  all  the  soluble 
manganous  salts,  and  especially  by  the  ammoniacal  solutions  just 
mentioned,  which,  when  exposed  to  the  air,  rapidly  absorb  oxy- 
gen, become  turbid,  and  deposit  a  brownish  flooculent  precipitate 
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of  manganic  hydrate  (Of[^Mn^yffi'Of?),  So,  also,  when  chlo- 
rine gas  is  passed  through  water  holding  manganous  hydrate  or 
carbonate  in  suspension,  or  through  a  solution  of  a  manganous 
salt,  to  which  an  excess  of  sodic  acetate  has  been  added,  the 
manganese  is  still  further  oxidized,  and  the  brownish  precipitate 
obtained  is  chiefly  a  hydrate  of  the  dioxide  Mn  0^,  H^O.  Bro- 
mine also  produces  a  similar  result. 

2.  Manganic  compounds^  in  which  the  quantivalence  of  the 
element  is  foitr.  Of  these  we  must  distinguish  two  divisions : 
Jirst,  those  which  have  for  their  radical  the  single  quadrivalent 
atom  of  manganese ;  secondy  those  in  which  two  such  quadriva- 
lent atoms  act  as  a  compound  radical  with  a  quantivalence  of 
six.  To  the  first  division  of  the  manganic  compounds  probably 
belong  most  of  the  native  oxides.  Pyrolusite,  MnOf,  has  a 
crystalline  form  similar  to  that  of  Brookite,  TiO^,  which  is 
an  oxide  of  the  well-marked  tetrad  element  titanium;  while 
Braunite,  Mn^O^,  and  Hausmannite,  Mn^O^^  have  a  form  which 
is  nearly  isomorphous  with  Rutile,  an  allotropic  state  of  the 
same  oxide  (Fig.  37),  but  wholly  unlike  the  forms  of  Fe^O^ 
(Fig.  44)  and  Fc^O^  (Fig.  33),  two  typical  compounds,  to 
which  Braunite  and  Hausmannite,  if  containing  the  sexivalent 
radical  [Ms,]*  must  be  closely  allied.  Manganite  probably 
contains  this  radical,  as  it  is  isomorphous  with  the  native  ferric 
hydrate,  Gothite. 

Of  the  oxides  of  manganese,  the  red  oxide,  Mn^O^^  is  the 
most  stable.  The  higher  oxides,  when  heated,  are  all  resolved 
into  Mn^O^j  and  the  native  oxides  thus  become  sources  of  oxy- 
gen gas  [232].  When  heated  with  sulphuric  acid,  they  also 
give  off  oxygen  and  yield  manganous  sulphate  [231].  When 
heated  with  hydrochloric  acid,  they  liberate  chlorine  and  yield 
manganous  chloride  [77].  Hence  an  important  application  of 
the  native  oxides  Jn  the  arts.  There  are  reasons  for  believing 
that  the  two  atoms  of  oxygen  in  Mn  0,  stand  in  different  rela- 
tions to  this  molecular  group  (23G),  and  the  chloride  of  man- 
ganese, MnCl^,  recently  isolated,  affords  still  more  conclusive 
evidence  of  the  quadrivflflent  relations  of  this  element.  This 
manganic  chloride  is  exceedingly  unstable,  and  when  gently 
heated  breaks  up  into  manganous  chloride  and  chlorine  gas. 

To  the  second  division  of  the  manganic  compounds  belong 
manganic  hydrate,  OflMn2']=02'ff»  and  several  vexy  aostabla 
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compounds,  which  have  been  formed  by  dissolving  this  hydrate 
in  different  acids.  The  sulphate,  however,  becomes  stable  when 
the  hexad  radical  is  associated  in  the  salt  with  potassium.  We 
thus  obtain  an  interesting  variety  of  alum, 

8.  The  most  characteristic  compounds  of  manganese  are 
those  in  which  the  element  is  either  sexivalent  or  octivalenty 
and  the  fact  that  a  volatile  fluoride  of  manganese  is  known, 
which  contains  at  least  six  atoms  of  fluorine  to  every  atom  of 
manganese,  indicates  that  the  atomicity  of  the  elements  cannot 
be  less  than  six.  Indeed,  the  fluorides  illustrate  very  strikingly 
the  different  degrees  of  quautivalence  which  manganese  may 
assume,  for  we  have  MnF^  MnF^y  \_Mn^F^,  and  MnF^ 

When  ail  intimate  mixture  ofK'O-HsLudMnO^  is  roasted  in 
a  current  of  oxygen  gas,  the  following  reaction  takes  place:  — 

4K-0-H  +  2]nn02  +  ®<fi>  = 

2K:,=03=iTlnOs+2SyD.  [387] 

On  dissolving  the  resulting  mass  in  water,  and  evaporating  the 
deep  green  solution  thus  obtained  (in  vacuo),  crystals  are  formed 
isomorphous  with  K^'O.fSO^  in  which  the  hexad  atoms  of  man- 
ganese act  a<t  acid  radicals,  and  we  call  the  product  potassio 
mau^anate.  The  acid  corresponding  to  this  compound  has  never 
been  isolated,  and  only  a  few  of  its  salts* are  known.  They  are 
all,  like  potassic  manganatc,  exceedingly  unstable. 

On  boiling  a  solution  of  potassic  manganate,  the  following 
remarkable  reaction  results :  — 

{^K.O,,^fn  0.  +  37/2  0  +  Aq)  = 

MnO, .  U,6  +  (AVO,  [ J//i J 0«+  iK-O-HJ^  Aq) ;  [338] 

and  a  now  compound  called  potassic  permanganate  is  formed,  in 
which  the  atoms  of  manjranese  appear  to  have  a  quantivalenoa 
of  eijiht.  Tiie  reaction  takes  place  more  readily  if  a  stream  of 
CO^  is  passed  thniujrh  the  Ixiiling  solution  to  neutralize  the 
K-O'H ^^  it  forms,  and  when  the  solution  is  not  too  strong  the 
carbonic  anhy<lride  of  the  atmosphere  will  in  time  determine  the 
same  chanjre  even  at  the  onlinary  tcm|)erature.  The  solution 
of  K^OfAfn^O^  has  a  deep  violet  color,  and  the  changing  tints, 
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daring  the  reaction  just  described,  present  a  very  striking  phe- 
nomenon. Hence  the  crude  potassic  manganate,  obtained  hy 
melting  together  Mn  0^  and  K-  O-NO^,  is  commonly  known  as 
chameleon  mineral;  and  the  production  of  the  characteristic 
green  color,  under  similar  conditions  in  a  blow-pipe  bead,  Is  the 
best  evidence  of  the  presence  of  manganese. 

Potassic  permanganate,  prepared  as  above,  may  be  readily 
crystallized,  and  its  crystals  are  i?omorphous  with  those  of  po- 
tassic perchlorate ;  that  is,  K^O^\^Mn^xiiO^  has  the  same  form 
as  K-0-  Cll Oq.  From  potassic  permanganate  a  number  of  other 
permanganates  may  be  prepared,  and  also  permanganic  acid,  a 
dark-colored  volatile  liquid.  Permanganic  acid  is  formed  when 
the  solution  of  a  manganese  salt  is  boiled  with  nitric  acid  and 
plumbic  dioxide,  and  a  violet  color  developed  in  the  liquid  under 
these  conditions  is  a  certain  indication  of  the  presence  of  man- 
ganese. The  permanganates  are  more  stable  than  the  manga- 
nates,  but  still  they  readily  part  with  a  portion  of  their  oxygen, 
and  act  as  powerful  oxidizing  agents.  A  solution  of  potassic 
permanganate  is  much  used  for  this  purpose  in  the  laboratory. 
For  example,  it  changes  ferrous  into  ferric  salts. 

(10Fe=O,=5O,  +  K,=0^lMn,']0,  -f  8//,=0,=50,  +Aq)  = 

The  slightest  excess  of  the  permanganate  is  at  once  indicated  by 
the  color  it  imparts  to  the  liquid,  and  the  reaction  is  the  basis 
of  one  of  the  most  valuable  methods  of  volumetric  analysis. 
Both  the  manganates  and  the  permanganates  are  at  once  de- 
composed by  all  organic  tissues,  which  they  rapidly  oxidize, 
and  a  crude  sodic  permanganate  is  much  used  as  a  disinfecting 
agent. 

333.  IRON.  Fe  =  56.  —  Usually  bivalent  or  quadrivalent, 
but  rarely  sexivalent.  A  universally  diffused  element,  and 
the  most  abundant  and  important  of  the  useful  metals.  As  an 
accessory  ingredient,  it  enters  into  the  composition  of  almost 
every  substance,  and  it  is  the  chief  metallic  radical  of  a  very 
large  number  of  important  minerals* 
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Oxidet. 

MAGNETITE 

Isometric 

FelFe;]ymO^ 

Magnesioferrite 

Isometric 

MglFe^']rmO^ 

FRANKLINTTE 

Isometric 

lZnyMn]lFet^ruiO^ 

HEMATITE 

IFe^y^O^ 

Speculab  Iron 

Hexagonal, 

Red  Hematite 

Massive, 

Clay  Iron  Stone 

Massive, 

Red  Ochre 

Massive, 

MENACCANITE 

(7V-Fe)W^ 

Titanic  Iron 

Hexagonal. 
Hydrates* 

Limnite 

Massive 

IFe.'JW^H^ 

Xanthosiderite 

Massive 

O'^Fe^^^O^H^ 

Gothite 

Orthorhombic 

OilFe^'\-O^^H^ 

LIMONITE 

O^Fe^lO^H^ 

Brown  Hematite 

Massive, 

Brown  Clay  Iron 

Stone 

Massive, 

Boo  Ore 

Massive, 

Yellow  Ochre 

Massive. 
CkarhonaU$. 

SIDERITE 

Fe'OfCO, 

Spathic  Iron 

Rhombobedral, 

Clay  Iron  Stone 

(of  the  coal-beds) 

Massive, 

SPHiEROSIDERITE 

Concretionary, 

Mesitite 

Rhombobedral 

IMgFeyO^'CO, 

Ankerite 

Rhombobedral 
Sulphidei. 

lMgyFelQnO^{CO), 

Troilite 

Massive 

FeS, 

Magnetic  Pyrites 

Hexagonal 

Ffrk  or  Fe^S^t 

Iron  Pyrites 

Isometric 

FeSt, 

Marcasite 

Orthorhombic 

FeS^ 

Mispickd 

Orthorhombic 

FriS^lAsJ}. 
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SuIphate$B 

Monoclinic  ff^^Fe^  Of  SO .  GZTj  0, 

Monoclinic      H^lFe,  Oi«]  i  Of  SO .  QH^  0, 
Hexagonal  [^esjiO^E'S^OJa .  dff^O, 

Rhombohedral 

A(0flFe2]-0,^S0^)  .  (IK^ayO^^SO^)  .  9J7,0, 
Hexagonal  ?     0=[^tf Jjx  Ojo^^SOJ^ .  12^,0, 
Hexagonal       O^ViFe^^lOfiSOi']^  .  IH^Oy 
Massive  0, »[/V J2=  0,=^(9a .  6/^,  0, 

Fibrous         Oi^lFe^'\^x0^lSO;\^ .  27/^/?, 
Monoclinic 

0^^y^lFe;\^^O^xlSO^\ .  BFe-O^^SO^ .  86^,0, 
Isometric         FeylFe^y^^rmlSOi]^ .  24i^O 

■ 

Phosphates  and  Arsentaies. 
Orthorhombic  lF€^n,Li2]sW^l(P0)^ 
Monoclinic  FesWei(PO)^  .  Sff^O, 

Orthorhombic    ©^[J^^a]^! 0^1(^0)2 .  SH^O, 
Radiated  Os^Fe^y^o/iPO)^.  12H^0, 

Orthorhombic  [Fe^]  I  Ool(A8  0)^ .  AH^  0, 

Pharmacosiderite  Isometric     OJ[-Fe J4xvm0i^ui(.450)e .  1  bHj!)^ 

Silicates. 
Fayalite  (iron  olivine) 

Orthorhombic?  Fe2^  Of  Si, 

Ilvaite  (Yenite)    Orthorhombic     B^,[R2']^Oi^\\Si3? 
Schoriomite  Massive  Ca^^lFei]  xIt  Ou^^l  7Y,Si]il  Og. 

Compare  also  Columbite,  Tantalite,  and  Wolfram  (227)  and 
(253). 

334.  Metallurgy  of  Iron.  —  Native  iron  of  meteoric  origin 
is  not  unfrequently  found,  but  it  i?  doubtful  whether  native  iron 
of  terrestrial  origin  exists,  although  instances  of  its  occurrence 
have  been  reported.  The  commercial  value  of  the  metal  is  so 
small  Uiat  only  those  ferriferous  minerals  which  are  at  the  same 
time  rich,  abundant,  readily  accessible,  and  easily  smelted,  can 
be  utilized  as  ores.  The  useful  ores,  which  are  all  either  ox- 
ides, hydrates,  or  carbonates,  are  distinguished,  in  the  list  of  iron 
Biinerals  given  above,  by  a  difiference  of  type ;  and  the  names 


Green  Vitriol 
Pisanite 
Coquimbite 
Jarosite 

Copiapite 

Kaimondite 

Glockerite 

Fibroferrite 

Botryogen 

Voltaite 


Triphylite 

Vivianite 

Dufrenite 

Cacoxenite 

Scorodite 
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of  the  most  important  varieties  of  the  different  ores  follow  the 
names  of  the  species  to  which  thej  belong.  These  ores  are 
found  either  in  veins  or  in  beds,  associated  with  rocks  of  all 
ages  and  of  very  various  characters,  and  the  value  of  a  given  de- 
posit frequently  depends  quite  as  much  on  its  association  with 
coal  and  lime,  and  on  its  proximity  to  a  commercial  centre,  as 
on  the  richness  of  the  ore.  Hence  the  great  wealth,  which  has 
been  drawn  from  the  deposits  of  clay  iron-stone  in  the  coal-beds 
of  England,  an  ore  which,  intrinsically,  is  comparatively  poor. 

Ail  the  useful  ores  of  iron,  when  not  anhydrous  oxides,  are 
converted  into  this  condition  by  roasting,  and  the  oxides  are 
easily  reduced  to  the  metallic  state  by  simply  heating  the  roasted 
ore  with  coal.  The  smelting  process,  however,  also  involves 
the  fusion  of  the  other  mineral  matter  (gangue),  with  which  the 
true  ore  is  always  mixed.  This  gangue  will  seldom  fuse  by  it- 
self, even  at  the  high  temperature  of  a  blast  furnace,  and  it  is 
almost  always  necessary  to  mix  the  ore  with  some^iu:  (usually 
limestone),  which  will  unite  with  the  gangue  and  form  a  fusible 
slag.  The  same  end  is  sometimes  attained,  or  at  least  an  ad- 
vantage is  g^iined,  by  mixing  different  ores. 

If  the  iron  is  reduced  at  a  comparatively  low  temperature,  as 
in  a  Uoomery  forge,  the  metal  separates  from  the  melted  slag  as 
a  loosely  coherent,  spongy  solid,  the  bloomy  and  is  subsequently 
rendered  compact  by  hammering  and  rolling  while  still  at  a 
welding  heat.  If  the  iron  is  reduced  at  a  high  temperature,  as 
in  a  bia^t  furnace,  the  metal  unites  with  a  small  proportion  of 
carbon  and  is  thereby  rendered  fusible.  Both  the  fused  metal 
and  the  melted  slag  then  drop  together  into  the  crucible  of  the 
furnace,  and  there  the  difference  of  density  determines  a  perfect 
separation  of  the  two  molten  liquids.  The  product  of  the  first 
process  is  nearly  a  pure  metal,  and  is  called  terought-iron.  The 
product  of  the  second  process  contains  a  variable  amount  of 
carbon  (from  2  to  5  per  cent),  and  is  known  as  cast-iron. 

With  the  outward  aspects  of  these  two  varieties  of  iron  every 
one  is  familiar.  Wrought-iron  is  so  soil  that  it  can  be  readily 
worked  with  files  and  other  steel  tools.  It  is  very  tough,  and 
has  great  tenacity.  It  is  exceedingly  ductile  and  malleable.  It 
readily  fuses  before  a  compound  blow-pipe,  and  in  small  quanti- 
ties may  even  be  melted  in  a  wind-furnace.  It  however  requires, 
^  ito  perfect  fusion,  a  full  white  heaU    But  at  a  lower  (empei^ 
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ature  it  becomes  soil  and  pliable,  and  in  this  condition  can  be 
wrought  or  welded  on  an  anvil.  It  has  a  fibrous  structure,  but 
this  is  in  a  great  measure  due  to  the  mechanical  treatment  it 
receives. 

Cast-iron,  on  the  other  hand,  has  a  granular  or  crystalline 
structure.  It  is  much  harder  than  wrought-iron,  and  propor- 
tionally more  brittle.  It  is  therefore  neither  malleable  nor  duo^ 
tile,  and  cannot  be  wrought  on  the  anvil  like  the  former  metal ; 
but,  as  it  melts  at  a  much  lower  temperature,  it  is  suitable  for 
ecutings.  Cast-iron  differs  greatly  in  quality,  and  the  two  ex- 
treme conditions  are  seen  in  the  two  commercial  varieties  known 
as  vjhite  iron  and  gray  iron.  White  iron  has  a  brilliant  white 
lustre  and  a  lamellar  crystalline  fracture,  is  very  brittle,  and  so 
hard  that  it  cannot  be  worked  with  steel  tools.  It  is,  therefore, 
not  suitable  for  casting,  but  may  be  used  to  advantage  for  mak- 
ing wrought-iron  or  steel.  Gray  iron  has  a  darker  lustre  and 
a  more  granular  fracture.  It  is  much  softer,  and  may  be  filed, 
drilled,  or  turned  in  a  lathe.  Although  less  fusible  than  white 
iron,  it  fiows  more  freely  when  melted,  and  is  better  adapted 
for  casting.  It  also  contains,  as  a  rule,  less  carbon,  but  the  dif- 
ference of  qualities  seems  to  depend  more  on  the  condition  of 
the  carbon  than  on  the  amount  In  white  iron  all  the  carbon 
appears  to  be  chemically  combined  with  the  metal,  while  in 
gray  iron  the  greater  part  is  disseminated  in  an  uncombined  form 
through  the  mass.^  A  form  of  white  iron,  called  by  the  Ger- 
mans spiegeleisen  (mirror  iron),  which  crystallizes  in  fiat,  bril- 
liant tables,  and  contains  about  five  per  cent  of  carbon,  has 
approximately  the  composition  CFe^y  and  another  crystalline 
variety  has  been  described,  which  nearly  corresponds  to  CFe^ ; 
but  the  existence  of  these  compounds  cannot  be  regarded  as 
proved.  Spiegeleisen,  moreover,  is  not  a  pure  ferro-carbide, 
but  always  contains  manganese,  the  amount  varying  from  4  to 
12  per  cent.  Indeed,  manganese  is  a  very  common  ingredient 
of  cast-iron,  as  might  be  anticipated,  seeing  that  manganesian 
minerals  are  so  frequently  associated  with  iron  ores.  Cast-iron 
also  contains  variable  quantities  of  silicon,  sulphur,  and  phos- 

1  When  the  fracture  exhibits  lar^,  coarse  grains,  among  which  points  of 
graphite  are  distinctly  visible,  the  metal  is  said  to  be  moUletL  Mottled-iron  is 
very  tough,  and  is  especially  valued  for  casting  ordnance.  Of  all  three  vari- 
eties of  cast-iron,  —  the  white,  the  mottled,  and  the  gray,  —  the  iron-masters 
distinguish  several  grades. 
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phoni9y  besides  traces  of  other  metals,  sach  as  alnminam,  ed- 
eium,  and  potassiam. 

Bj  melting  cast-iron  on  the  hearth  of  a  reTerberatory  fbmaee^ 
the  carbon  and  the  other  impurities  may  be  more  or  less  thor* 
onghly  bnmt  out,  and  the  metal  converted  into  wrought4roii. 
At  the  same  time  a  portion  of  the  iron  is  oxidized,  and  a  Teiy 
fusible  slag  is  formed  by  the  union  of  the  oxide  with  the  silioi 
always  present. 

The  metal  thickens  as  it  becomes  decarbonized,  and  Ihe 
spongy  bloom  thus  formed  is  easily  separated  from  the  melted 
slag,  and  hammered  or  rolled  into  bars,  as  before  described* 
The  greater  part  of  the  wrought-iron  of  commerce  is  made  in 
this  way,  and  the  process  is  called  Spuddling,"  because  the 
melted  metal  is  stirred  or  puddled  on  the  hearth  of  the  Ibr- 
nace  in  order  to  expose  the  mass  moro  effectually  to  the  actioo 
of  the  air.  The  purest  iron,  thus  prepared,  still  contains  a 
small  amount  of  carbon,  which  does  not,  howeyer,  impair  its 
useful  qualities.  The  other  impurities  of  cast-iron,  when  not 
wholly  removed,  render  the  wrought-iron  friable  or  brittle  {shofif 
in  technical  language),  and  are  highly  prejudicial.  Sulphur 
makes  the  metal  friable  while  hot  (red  short),  while  phosphom 
and  silicon  make  it  brittle  when  cold  (cold  short). 

That  most  valuable  form  of  iron  called  steel  holds  an  inAf* 
mediate  position  between  wrought  and  cast  iron,  and  partakeSy 
to  a  great  extent,  of  the  valuable  qualities  of  both.  At  a  white 
heat  it  may  be  worked  on  the  anvil,  like  wrought-iron,  and  il 
a  higher  tem()erature,  but  still,  within  the  range  of  a  wind  for* 
nace,  it  may  be  melted  and  cast.  If  suddenly  quenched  in  water, 
when  red-hot,  it  becomes  as  hard  and  brittle  as  white  cast-iron; 
and  whon  subsequently  heated  to  a  regulated  temperature,  the 
temper  may  be  reduced  to  any  desired  extent  It  may  thoa 
be  made  soA  and  tough,  or  hard  and  elastic,  at  will,  and  on  this 
remarkable  quality  its  numerous  and  im[)ortant  applications  to 
the  useful  an-;  depend.  Goo<l  steel  contains  from  0.7  to  1.7 
per  cent  of  carbon,  and  it  h  made  either  by  carbonizing  wrougfa^' 
iron,  as  in  the  ordinary  cementation  method,  or,  as  in  the  Bes* 
semer  process,  by  decarbonizing  cast-iron;  but  it  is  probable 
that  the  qualities  of  steel  depend  fully  as  much  on  some  no* 
known  causes  as  on  the  presence  of  carbon.  It  has  even  beeo 
doubted  whether  the  presence  of  carbon  is  essential ;  and  indecdi 
the  whole  subject  is  very  obscure. 
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335.  MetaUic  Iron.  —  The  Sp.  Gr,  of  the  purest  iron  is  8.14, 
but  cast-iron  has  sometimes  a  specific  gravity  as  low  as  7,  and 
the  density  of  the  different  varieties  of  the  metal  ranges  between 
these  extremes,  the  average  for  good  bar-iron  being  7.7.  Iron 
is  distinguished  for  its  great  susceptibility  to  magnetism,  and  in 
this  respect  it  far  surpasses  both  nickel  and  cobalt,  the  only 
other  metals  that  exhibit  this  property  in  any  marked  degree. 
Tbe  susceptibility  of  iron  to  magnetic  induction  diminishes  as 
its  hardness  increases,  but  at  the  same  time  its  power  of  retain- 
ing the  virtue  is  enhanced.  Thus,  iron  can  only  be  permanently 
magnetized  when  combined  with  carbon,  as  in  steel,  or  with 
oxygen,  as  in  the  magnetic  oxide  er  loadstone,  Fe^O^^  or  with 
Bulphur,  as  in  magnetic  pyrites,  Fe^S^ ;  but  it  is  a  fact  worthy 
of  notice,  that  spiegeleisen,  specular  iron,  Fe^O^  and  common 
pyrites,  FeS^  are  almost  indifferent  to  the  action  of  a  magnet, 
and  the  same  is  true  of  most  other  iron  compounds. 

At  a  high  temperature  iron  bums  readily,  and  under  favor- 
able  conditions  will  sustain  its  own  combustion  (63).  The 
product  formed  is  Fe^O^,  At  a  red  heat  it  also  decomposes 
water,  yielding  the  same  oxide  as  before,  together  with  hydrogen 
gas.  At  the  ordinary  temperature,  however,  polished  iron  re- 
tains its  lustre  unimpaired,  both  in  dry  air  and  in  pure  water 
(free  from  air) ;  but  when  exposed  to  both  air  and  moisture, 
the  surface  soon  becomes  covered  with  rust.  Moreover,  this 
change  is  not  merely  superficial,  but  under  favorable  conditions 
proceeds  until  the  whole  mass  of  the  metal  is  converted  into  a 
ferric  hydrate,  having  the  composition  of  Limonite.  The  change 
accelerates  as  it  advances,  and  tlie  rust  first  formed  Feems  to 
act  as  a  carrier  of  oxygen  to  the  rest  of  the  metal.  The  cor- 
rosion of  wood  and  other  organic  fibre,  when  in  contact  with 
ru«ty  nails,  has  been  explained  in  a  similar  way.  It  is  also  a 
favorite  theory  that  a  coating  of  rust  forms  with  the  metal  a 
voltaic  combination,  which  actually  decomposes  the  water  pres- 
ent, and  this  is  thought  to  account  for  the  singular  fact  that  iron- 
ni.<t  always  oontaii^  ammonia.  ' 

Iron  readily  dissolves  in  dilute  mineral  acids,  yielding  a  fer- 
rous salt  and  hydrogen  gas.  It  also  dissolves  in  aqueous  solu- 
tion of  carbonic  acid  if  free  from  air.  Concentrated  sulphuric 
acid,  even  when  boiled  with  iron,  has  but  little  action  upon  it. 
Nitric  acid,  on  the  other  hand,  rapidly  dissolves  the  metal  with 
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evolution  of  NO.  It  is  a  singular  fact,  however,  that  the  moet 
concentrated  nitric  acid  (Sp.  Gr.  1.45)  not  only  does  not  attack 
iron,  but  so  modifies  its  condition  that  it  may  subsequently  be 
kept  for  weeks  in  acid  of  the  ordinary  strength  i^Sp,  Gr.  not 
less  than  1.35)  without  the  slightest  alteration  of  the  polish  on 
its  surface.  This  same  passive  condition  may  also  be  induced 
in  other  ways. 

Iron  enters  into  chemical  combination  with  almost  all  the 
non-metallic  elements,  and  forms  alloys  with  many  of  the  met< 
als.  Corresponding  to  the  three  degrees  of  quantivalence  are 
three  very  dbtinct  classes  of  compounds :  first,  i\\^  ferrous  com- 
pounds, whose  radical  is  a  single  bivalent  atom  of  iron;  secondly, 
the  ferric  compounds,  having  a  sexivalent  radical  consisting  of 
two  quadrivalent  atoms  of  iron ;  and  lastly,  a  few  very  unstable 
salts  called  ferrates^  analogous  to  the  manganates,  in  which  a 
sexivalent  atom  of  iron  is  the  add  radical.  The  last  class  of 
compounds,  although  practically  unimportant,  are  interesting, 
as  they  indicate  the  close  relationship  between  iron  and  man- 
ganese ;  but  iron  differs  from  all  the  associated  elements  in  that 
the  two  radicals  Fer  and  [-F^^s]^  ^otxtl  equally  stable  compounds, 
and  play  an  equally  important  part  in  the  mineral  kingdom; 
and  this  double  aspect  of  the  element  is  one  of  its  most  chano- 
teristic  and  important  features. 

336-  Ferrous  Compounds,  —  The  crystallized  ferrous  com- 
pounds have,  as  a  rule,  a  light  green  color^  and  ferrous  oxide 
imparts  the  same  color  to  glass  (152).  The  soluble  ferrous 
salts  have  a  characteristic  styptic  taste.  They  are  isomorpbous 
with  the  corresponding  compounds  of  magnesium  and  zinc,  and 
quite  as  closely  allied  to  them  as  to  those  of  manganese,  oobalc, 
and  nickel,  —  the  elements  with  which  iron  is  cla^^sed  in  the 
scheme  of  this  book.  Thus,  in  nature,  ferrous  carbonate  b  as 
intimately  associated  with  the  carbonates  of  magnesium  and 
zinc  as  with  the  carbonate  of  manganese,  and  the  four  bivalent 
radicals  replace  each  other  in  almost  every  proportion,  not  only 
in  the  carbonates,  but  also  in  the  silicates,  and  in  a  large  num- 
ber of  other  minerals.  In  like  manner,  ferrous  sulphate  (green 
vitriol),  like  the  sulphates  of  the  same  metals,  and  also  those  of 
nickel  and  cobalt,  crystallizes  with  seven  molecules  of  water, 
and  forms  double  salts  with  the  sulphates  of  the  alkaline  metals 
(313),  (322),  (330).    The  sulphate  is  the  most  important  of 
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the  soluble  ferrous  salts,  but  all  the  following  are  also  well 
known :  — 

Ferrous  Chloride  FeCl^  .  ^ff^O, 

Ferrous  Nitrate  Fe-02^{NO^)2 .  ^H^Oj   . 

Ferrous  Sulphate  Fe^O^-SO^ .  (7,  4,  3,  or  2-^0), 

Ferrous  Oxalate  Fe  -  0/  Cj  Oj .  2^^  0, 

Ferrous  Phosphate  Ht^Ft^O^^PO)^ 

In  solutions  of  the  ferrous  salts,  when  protected  from  the  air, 
the  alkaline  hydrates  give  a  white  precipitate  of  ferrous  hydrate, 
Fe^O^H^  and  the  alkaline  carbonates  a  similar  white  precipi- 
tate, which  is  a  hydro-carbonate  of  variable  composition.  In 
the  presence,  however,  of  a  large  amount  of  NH^Cly  neither 
anmionia  nor  ammonic  carbonate  give  any  precipitate,  and  the 
precipitation  by  the  other  alkaline  reagents  is  in  great  measure 
prevented.  The  alkaline  sulphides,  nevertheless,  precipitate 
the  iron  wholly  as  a  hydrated  ferrous  sulphide,  and  so  does  also 
H^S  when  the  solution  is  alkaline,  but  not  when  the  slightest 
excess  of  any  mineral  acid  is  present.  Solutions  of  the  ferrous 
salts,  when  exposed  to  the  air,  absorb  oxygen,  and  the  ferrous 
changes  into  a  ferric  compound.  The  same  is  true  of  the  fer- 
rous precipitates  formed  as  just  described,  all  of  which  are  very 
rapidly  oxidized  as  soon  as  they  are  exposed  to  the  atmosphere. 
The  products  in  any  case  are  determined  by  various  conditions, 
but  the  following  are  some  of  the  most  characteristic  of  the 
reactions :  — 

(iFe-O^SO^  +  2B;f0.fS0^  +  Aq)  +  ®=®  = 

{2lFe,2W^{SO,\  4-  2i^,0  -f-  Aq).  [340] 

(20Fe-O^=SO^  4-  eff^O  +  Aq)  +  5®=®  =  [341] 

2(05x[FC2]202=S02 .  3H2O)  +  {^\_Fe,JOS(SO,),-^Aq). 

iFe<irU,  +  ®<fi)  =  20=[Fc2]K»r«4.      [342] 

837.  Ferric  Compounds,  —  Ferric  oxide,  when  dissolved  in 
melted  borax,  imparts  to  the  glass  a  yellow  or  yellowish-red 
color,  and  most  of  the  ferric  compounds  affect  the  same  tints. 

17  T 
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They  are  isomorphoos  with  the  corresponding  compoands  of 
aluminium,  and  closely  allied  to  them  in  their  chemical  rela> 
tions.  The  following  are  the  most  important  of  the  soluble 
normal  salts:  — 

Ferric  Chloride       [^e,]i  Ck  •  ^fffi,  also  with  5  or  1 2 JSJ O, 
Ferric  Nitrate         lFe^]lO^{NO^)^ .  18^0,  also  with  12ir,0, 
Ferric  Acetate        lFe^']lO^{C^H^ 0)^  +  Aq, 
Ferric  Sulphate      [,Fe^'\lO^{SO^)^ .  9^,0, 
Diammonic-ferric  Sulphate 

Ferric  Oxalate  [^^j]! 0^(  C^ ojs, 

Sodio-ferric  Oxalate    JVae,[^eJ xu 0^\{  C^O^^ .  ^H/). 

Ferric  acetate  cannot  be  crystallized,  and  the  ferric  salts,  is 
a  rule,  crystallize  with  difficulty.  All  the  well-marked  radi- 
cals of  the  type  \^R^  manifest  a  very  strong  tendency  to  form 
basic  compounds  (38)  [51],  and  the  fi^rric  salts  furnish  a  strik- 
ing illustration  of  the  general  principle.  Most  of  the  native 
ferric  salts  are  basic,  and  the  symbols  of  a  number  of  such  com- 
pounds have  already  been  given.  Their  mutual  relations  wiU 
be  best  understood  if  they  are  studied  in  connection  with  the 
various  hydrates,  from  which  they  may  be  regarded  as  derived, 
and  a  table  of  the  possible  ferric  hydrates  is  easily  made  after 
the  principle  of  (151).  Of  the  compounds  which  are  thus  the* 
oretically  possible,  a  large  number  are  easily  prepared,  and  a 
still  larger  number  are  at  times  formed  when  the  conditions 
happen  to  be  favorable;  but  as  the  compounds  become  more 
ba^iie,  they  soon  lose  every  trace  of  crystalline  structure,  and 
with  this  all  evidence  of  definite  chemical  constitution  disap- 
pears. The  products  are  then  amorphous  or  colloidal  solids, 
which  present  in  their  composition  every  possible  gradatioQ 
between  certain  limits.^ 


1  Solution?  of  various  bwic  componnds  Rre  readily  obtained  either  by  d&- 
solving  fri**ilily  precipitated  ferric  hydnite  in  a  solution  of  ulinost  any  fprrio 
suit,  or  liy  purtiiiUy  ab<trac*ting  tlie  uoid  of  the  suit  by  the  cautiouA  additkn 
of  an  alkali.  A  solution  of  ferric  nitrate,  for  example,  may  thu*  bo  made  to 
take  up  neven  additional  atom«  of  [F<p,]-  On  allowing  (tuch  ttolntionf*  to  erap 
orate  s[)<>iitaneouitly,  the  basic  compounds  may  frequently  be  obtained  in  the 
solid  state. 
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All  the  more  basic  salts  are,  as  a  rule,  insoluble  in  water,  but 
in  several  cases  they  affect  both  a  soluble  and  an  insoluble  mod- 
ification, and  under  certain  conditions  the  first  changes  into  the 
last  on  simply  boiling  the  solution.  The  soluble  condition  ap- 
pears in  all  cases  to  be  a  colloidal  modification,  and  by  dialys* 
ing  (56)  a  solution  of  basic  ferric  chloride  it  is  possible  to 
remove  almost  all  the  acid  radical,  and  obtain  nearly  a  pure 
solution  of  ferric  hydrate.  This  solution  coagulates  on  stand- 
ing, and  the  ferric  hydrate  thus  passes  through  successive  stages 
of  dehydration.  On  boiling  the  water,  the  dehydration  proceeds 
still  further,  until  at  last  a  hydrate  corresponding  to  Gothite  is 
formed.  So  also  the  voluminous  hydrate,  first  precipitated  by 
alkaline  reagents  from  cold  solutions  of  ferric  salts,  undergoes  a 
similar  change  under  the  same  conditions.  These  facts  would 
lead  us  to  infer  that  the  ^  coagulation  "  of  the  solutions  of  the 
basic  ferric  salts  is  caused  by  the  elimination  of  a  certain  quan- 
tity of  water  from  the  molecules  of  the  compound. 

The  ferric  compounds,  although  permanent  in  tlie  air,  are 
easily  reduced  to  the  ferrous  condition  by  the  feeblest  reducing 
agent-:. 

([/>J  Cl^  +  Aq)  -^Zn  =  {2FeCk  +  ZnCl^-{-  Aq).  [343] 

{IFe-]  04+ ^2^4-  Aq)  =  9+  {^Fe  Ck+  ^HCl  +  Aq).  [344] 

In  solutions  of  ferric  salts,  the  alkaline  hydrates  and  carbon- 
ates all  give  a  red  precipitate  of  ferric  hydrate,  whose  constitu- 
tion varies  with  the  conditions  of  the  experiment,  as  indicated 
above.  This  precipitate  is  insoluUe  in  an  excess  of  sodic  or 
potassic  hydrate.  In  the  same  solutions  potassic  sulpho-cyanide 
strikes  a  deep  red  color,  and  potassic  ferro-cyanide  gives  a  deep 
blue  precipitate.  These  reactions  are  very  delicate,  and  enable 
us  to  detect  the  smallest  amount  of  a  ferric  compound,  even  in 
the  solution  of  a  ferrous  salt.  The  ferrous  compound,  under 
the  same  conditions,  gives  no  color  and  a  white  precipitate. 

838.  Chlorides.  /VC^  and  [i^f,]  (74.  — By  carefully  heating 
crystallized  ferrous  chloride  (336)  out  of  contact  with  the  air, 
the  anhydrous  compound  can  be  obtained;  but  a  solution  of 
ferric  chloride  cannot  be  rendered  anhydrous  by  evaporation, 
since  the  hydrous  compound  is  decomposed  by  heat  into  hydro- 
chloric acid  and  ferric  oxide.    Anhydrous  ferrous  chloride  can 
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also  be  obtained  by  passing  111(91  over  ignited  metallic  iron. 
Anhydrous  ferric  chloride  can  be  prepared  in  a  similar  way, 
using  (91-<91  instead  of  111(91.  The  first  yields  a  white  subli- 
mate ;  the  second,  which  is  the  most  volatile,  is  deposited  in 
brownish  crystalline  scales,  and  the  Sp.  Gr.  of  its  vapor  has 
been  determined.  There  are  fluorides,  bromides,  and  iodides 
correspondincr  to  the  chlorides,  but  they  have  no  special  interest. 

339.  Oxides.— FeO,  \_t\'\0^  Fe,lFe^'\^0^.  —  ¥exTW» 
oxide  may  be  prepared  by  boiling  in  the  surrounding  water  the 
voluminous  white  hydrate  obtained  when  an  alkali  is  added  to 
the  solution  of  a  pure  ferrous  salt,  every  trace  of  air  being  care- 
fully excluded.  If  exposed  to  the  air,  it  rapidly  absorbs  oxy- 
gen, and  \_Fe^  0^  is  the  final  result  A  black  pyrophoric  pow- 
der, obtained  by  igniting  ferrous  oxalate  in  a  close  vessel,  is  a 
mixture  of  the  same  oxide  with  metallic  iron.  Ferric  oxide  is 
prepared  for  the  arts  by  igniting  green  vitriol,  or  still  better, 
ferric  sulphate.  It  forms,  even  when  most  highly  levigated,  a 
very  hard  powder,  much  used  for  polishing  glass  and  metallic 
surfaces  (Colcothar^  Crocus  Martis,  Rouge).  It  b  also  used  as 
a  red  paint.  Ferrous-ferric  oxide  is  formed  when  either  of  the 
other  oxides  is  intensely  heated  in  the  air,  and  must,  therefore, 
be  regarded  as  the  most  stable  of  this  class  of  compounds.  It 
is  distinguished  by  its  susceptibility  to  magnetism,  and  its  ciys- 
tallinc  form  (74),  which  connects  it  with  Spinel  (352)  and 
other  allied  isomorphous  compounds.  Besides  the  above,  one 
or  more  intermediate  oxides  have  been  distinguished,  but  they 
are  probably  mixtures  of  the  oxides  already  named.  As  has 
been  already  stated,  both  the  anhydrous  and  the  hydrous  oxides 
are  abundant  native  minerals,  and  important  ores. 

340.  Sulphides,  —  The  fusible  product  obtained  by  melting 
together  iron  and  sulphur,  and  so  much  used  in  the  laboratory 
for  making  ff^Sj  is  essentially  ferrous  sulphide,  FeSy  although 
its  composition  is  not  absolutely  constant  The  same  compound 
may  be  formed  by  mixing  flowers  of  sulphur  and  iron-filings 
with  water,  and,  since  the  resulting  compound  forms  a  coherent 
mass,  this  mixture  is  useful  under  certain  conditions  as  a  ce- 
ment. Ferric  disulphide,  FeS^  (Iron  Pyrites),  is  by  far  the 
most  abundant  of  the  native  metallic  sulphides.  It  occurs  in 
almost  all  mineral  veins,  and  is  known  to  the  miners  as  Afundie* 
It  is  readily  distinguished  by  its  yellow  color  and  great  bard- 
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ness.  The  more  compact  varieties  are  very  resisting  minerals, 
but  those  of  a  looser  texture  rapidly  crumble  when  exposed  to 
the  atmosphere,  and  this  is  especially  true  of  the  orthorhombic 
variety  called  Marcasite,  The  crumbling  of  many  rocks  is  also 
caused  by  the  oxidation  of  the  pyrites  which  they  contain.  Al- 
though useless  as  an  ore  of  iron,  common  pyrites  is  exceedingly 
valuable  as  a  source  of  sulphur,  and  for  the  manufacture  of  sul- 
phuric acid.  The  magnetic  sulphide  Fe-;S^  has  already  been 
mentioned,  and  there  is  also  a  sulphide,  Fe^S^,  corresponding  to 
the  magnetic  oxide,  and  another,  Fe^S^,  corresponding  to  ferric 
oxide.  Moreover,  sulphides  of  the  composition  Fe^S  and  Fe^ 
have  been  formed,  but  it  is  doubtful  whether  they  are  all  defi- 
nite compounds.  The  black  precipitates,  obtained  when  an 
alkaline  sulphide  is  added  to  the  solutions  of  ferrous  and  ferric 
salts,  are  either  sulpho-hydrates  (241)  or  molecular  compounds 
of  the  sulphide  and  water.  They  are  both  very  unstable  prod- 
ucts, and  rapidly  oxidize  when  exposed  to  the  air. 

341.  Ferrates. —  Potassic  ferrate,  Ki'O^FeO^  may  be  pre- 
pared either  by  fusing  ferric  oxide  with  nitre  or  by  passing 
chlorine  gas  through  a  very  strong  solution  of  potassic  hydrate, 
in  which  ferric  oxide  is  suspended.  Both  the  fused  mass  of  the 
£rst  reaction,  and  the  black  powder  deposited  from  the  alkaline 
solution  in  the  second,  yield  with  water  a  beautiful  violet-col* 
ored  solution  of  potassic  ferrate.  This  compound  is  very  un- 
stable, and  has  merely  a  theoretical  interest  Ferrates  of  the 
alkaline  earths  are  also  known ;  but  neither  ferric  acid  nor  any 
■compounds  corresponding  to  the  permanganates  have  as  yet 
been  discovered. 


Questions  and  Problems,  IC!    f  l!'.e*|| 

Manganese,  \/y }''-     ^^ 


^i    tri\ 


.«* 
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1.  By  what  simple  blow-pipe  test  may  the  presence  of  manj 
in  a  mineral  be  recognized  ?     How  far  is  the  color  of  the  manganese 
minerals  characteristic  ? 

2.  Compare  the  manganous  with  the  niccolous  and  cobaltoos  salts, 
and  show  to  what  extent  they  resemble  each  other,  as  well  as  indi- 
cate the  points  of  difference. 

S.   Compare  the  ammonio-salts  of  the  same  three  elements,  and 
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seek  the  cause  of  the  difference  of  the  effects  which  the  atmospherie 
air  produces  when  solutions  of  these  salts  are  exposed  to  its  influeooe. 

4.  Represent  by  graphic  symbols  the  constitution  both  of  mangaa- 
ous  and  manganic  alum. 

5.  Write  the  reaction  of  potassic  hydrate  on  a  solution  of  mangaft- 
ous  chloride,  and  the  further  reaction  when  the  resulting  precipitate 
is  exposed  to  the  atmospheric  air.  Assume  that  the  final  product  is 
manganic  hydrate. 

6.  Write  the  reaction  of  hydro-disodic  phosphate  and  ammonic 
hydrate  on  a  solution  of  manganous  chloride,  and  also  indicate  the 
further  change  which  takes  place  on  igniting  the  resulting  precipitate. 

7.  Make  a  list  of  the  oxides  of  manganese,  and  show  how  far  they 
correspond  to  the  oxides  of  nickel  and  cobalt  on  the  one  side,  and 
to  those  of  iron  on  the  other.  Make  also  a  similar  comparison  of  the 
different  hydrates.  Compare  also  the  different  oxides  and  hydrates 
as  regards  their  relative  stability. 

8.  Of  the  metals  thus  far  studied,  which  are  precipitated  from  acid 
solutions,  and  which  only  from  alkaline  solutions,  by  H^Sf 

9.  By  what  solvents  may  the  sulphides  of  manganese  zinc  and 
cobalt,  when  precipitated  together,  be  separated  ? 

10.  In  what  other  way  may  manganese,  when  in  solutioii,  be  aep- 
arated  from  nickel  and  cobalt  ? 

11.  To  what  relationship  does  the  crystalline  form  of  the  natite 
carbonates  of  manganese  point  ? 

12.  By  what  means  may  manganese  be  separated  from  zinc  when 
both  are  present  in  the  same  solution  as  acetates  ?  If  they  are  in 
the  condition  of  chlorides,  how  may  they  be  readily  converted  into 
acetates  V  How  far  may  the  same  methods  be  used  to  separate  man- 
ganese from  the  metallic  radicals  previously  studied  ? 

13.  Write  the  reaction  of  the  atmospheric  oxygen  on  a  solntioa  of 
ammunio-manganous  chloride. 

14.  Write  the  reaction  of  chlorine  gas  on  manganous  carbooate 
suspended  in  water. 

15.  Represent  by  graphic  symbols  the  constitution  of  Pyrolnsitei 
Brauuite,  and  Hausmannite,  and  endeavor  to  harmonize  the  crystal- 
lographic  relations  stated  above.  Take  also  into  consideration  tbs 
relations  of  MnO^  described  in  (236). 

16.  Represent  by  graphic  symbob  the  constitution  of  Mangantte 
and  Gothite. 

17.  Write  the  reaction  of  sulphuric  and  also  of  hydrochloric  add 
on  each  uf  the  three  oxides,  AlnO^  Mn^Op  and  Mn^O^. 
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18.  When  a  mixture  of  MnO^  and  oxalic  acid  b  heated  with  di- 
lute sulphuric  acid,  the  products  are  manganous  sulphate  water  and 
carbonic  anhydride  gas.  Write  the  reaction,  and  calculate  how 
much  CO^  would  be  formed  for  every  gramme  of  MnO^  taken. 

19.  Can  you  base  on  the  reaction  just  written  a  method  of  deteiv 
mining  the  purity  of  the  commercial  *^  black  oxide  of  manganese,** 
which  is  frequently  a  mixture  of  the  different  native  oxides,  and  is 
sometimes  adulterated  with  sand. 

20.  Assuming  that  one  gramme  of  a  sample  of  the  commercial 
oxide  sets  free,  as  above,  0.654  gramme  of  CO^y  how  much  bleaching 
salts  could  be  manufactured  with  1,000  kilos,  of  the  oxide,  assuming 
that  the  symbol  of  the  bleaching  salts  is  (J^a'0)'>Cl^'i 

21.  Write  the  reaction  of  MnO^  on  UCl  -{-  Aq^  assuming  that 
MnCl^  is  first  formed  and  subsequently  decomposed  by  the  heat 
employed. 

22.  Represent  by  a  graphic  symbol  the  constitution  of  manganic 
and  manganous  alum.     (SS2)  and  (352). 

23.  State  the  distinction  between  the  two  classes  of  manganic 
compounds,  and  illustrate  by  representing  the  constitution  of  Mnfi^ 
first  as  a  normal  sesquioxide,  and  secondly  as  a  molecular  compound 
of  manganous  oxide  and  manganic  dioxide* 

24.  Compare  the  manganic  compounds  with  the  corresponding 
compounds  of  nickel  and  cobalt.  Consider  in  this  connection  the 
relative  stability  of  the  substances  compared. 

25.  Represent  the  constitution  of  potassic  manganate  by  a  graphic 
symbol,  and  compare  this  with  the  graphic  symbol  of  potassic  sulphate. 

26.  How  far  does  the  isomorphism  of  the  sulphates  with  the  man- 
ganates  indicate  the  quantivalence  of  the  metallic  radical  in  these 
compounds  ?  What  should  you  infer  from  the  great  difference  in 
the  stability  of  the  two  classes  of  salts  in  regard  to  the  sexivalent 
condition  of  manganese  ? 

27.  Analyze  reaction  [337],  and  show  that  it  turns  on  a  change 
of  quantivalence  in  the  manganese  atoms. 

28.  Is  it  necessary  to  assume  a  similar  change  of  quantivalence  in 
reaction  [338]  ? 

29.  Represent  the  constitution  of  potassic  permanganate  by  a 
graphic  symbol,  both  on  the  assumption  that  the  atoms  are  octiva- 
lent  and  also  assuming  that  they  are  still  sexivalent  Can  you  give 
any  reasons  why  one  symbol  should  be  more  probable  than  the 
other  ?  Does  not  the  fact  that  the  permanganates  are  more  stable 
than  the  manganates  have  a  bearing  on  the  question  ?  How  can 
you  reconcile  the  isomorphism  of  the  permanganates  and  the  per- 
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chlorates,  manganese  being   an   artiad    and   chlorine  a  perisnd 
element  ? 

80.  Write  the  reaction  when  a  solution  of  manganons  chloride  is 
boiled  with  firee  nitric  acid  and  plumbic  dioxide. 

81.  How  could  reaction  [839]  be  used  to  determine  the  '"*Mwi«t 
of  iron  in  a  given  solution  V 

82.  What  do  you  regard  as  the  chief  characteristic  of  manganese 
as  compared  with  the  allied  metallic  radicals?  and  why  does  the  study 
of  its  compounds  have  a  peculiarly  important  bearing  on  chonical 
theories  ? 

33.  Does  not  the  study  of  the  manganese  compounds  indicate  a 
more  rational  use  of  the  terminations  ousy  iCy  ite,  and  ate  in  the  no- 
menclature of  chemistry  ? 

34.  IIow  may  the  principles  of  the  nomenclature  stated  in  Chap- 
ter X.  be  extended  so  as  to  express  accurately  the  constitution  of  the 
more  complex  chemical  compounds  ?  Give  rules  based  on  your  own 
experience,  and  illustrate  them  by  examples.  Bear  in  mind,  how- 
ever, that,  according  to  the  best  usage,  the  Greek  numerals  are  em- 
ployed, rather  than  the  Latin,  as  prefixes. 

Iran. 

85.  Compare  the  native  compounds  of  manganese  and  iron,  and 
point  out  the  analogies  as  well  as  the  differences  which  you  observe. 

86.  Compare  in  the  same  way  the  native  compounds  of  nickel  and 
cobalt  with  those  of  iron,  paying  special  attention  to  the  sulphidei 
and  arsenides. 

87.  Compare  the  native  compounds  of  magneaum  and  zinc  with 
those  of  iron. 

88.  The  mineral  Pisanite  indicates  what  relation  between  iron 
and  copper  V 

39.  Why  is  not  P}Tite8  included  among  the  ores  of  iron  ?  State 
some  of  the  circumstances  on  which  the  value  of  a  bed  of  iitm  ore 
depends. 

40.  The  Sp.  Gr.  of  Pj-rites  is  5.2,  that  of  Marcasite,  4.7,  and  tbftt 
of  Mispickel,  G.2.     Compare  the  atomic  volumes  of  these  minerals. 

41.  Make  a  table  giving  the  symbols  of  the  minerals  isomorpbocit 
with  Iron  Pyrites  and  Marcasite  respectively. 

42.  Kxplain  the  theory-  of  the  *'  Blast  Furnace,**'  and  show  that 
the  formation  of  slags  of  the  right  fusibility  is  essentia]  to  the  succeM 

1  See  Miller*s  Chemistr}'  or  Percy*8  Metallurgy 
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of  the  process,  and  that  the  proportion  of  flux  must  be  differently 
adjusted  according  as  cold  or  hot  blast  is  used. 

43.  The  slag  formed  both  in  the  bloomery  forge  ^  and  in  the  pud- 
dling process^  is  a  very  fusible yerrotij  silicate,  having  approximately 
the  composition  Fe^O^SL  Explain  the  theory  of  these  processes, 
and  show  that  the  great  fusibility  of  the  slag  is  an  essential  condition 
of  the  production  of  wrought-iron.  Could  the  loss  of  iron  in  the  slag 
be  avoided  V  How  do  you  account  for  the  low  quantivalence  of  iron 
in  this  product  ?  To  what  mineral  does  it  correspond  in  composition  ? 

44.  Explain  the  theory  of  the  Bessemer  process^  for  refining  cast- 
iron  or  making  steel,  and  compare  it  with  the  puddling  process. 
Consider  especially  the  effects  of  the  very  high  temperature  attained 
in  Bessemer's  converter. 

45.  Compare  together  the  qualities  of  iron  in  its  three  conditions 
of  cast-iron,  wrought-iron,  and  steel. 

46.  State  the  differences  between  the  several  varieties  of  cast-iron, 
gray,  mottled,  white,  and  spiegeleisen. 

47.  When  white  iron  is  dissolved  in  acid,  all  the  carbon  is  con- 
verted into  a  volatile  hydro-carbon  oil,  while  under  similar  circum- 
stances gray  iron  leaves  a  large  residue  of  graphite.  What  concla- 
sion  do  you  draw  from  these  facts  ? 

48.  Write  the  reaction  when  iron  bums. 

49.  Write  the  reaction  when  steam  is  passed  over  red-hot  iron. 

50.  Write  the  reaction  when  iron  rusts,  assuming,  1st.  That  the 
metal  draws  the  oxygen  wholly  from  the  air ;  2d.  That  water  is  de- 
composed and  ammonia  formed. 

51.  Write  the  reaction  of  an  aqueous  solution  of  carbonic  acid  on 
iron,  assuming  that  no  air  is  present.  What  is  the  nature  of  the  solu- 
tion thus  obtained  (279)  ? 

52.  Write  the  reaction  of  dilute  sulphuric  acid  on  iron,  and  in- 
quire how  much  the  acid  should  be  diluted  in  order  to  obtain  the  best 
effect.  In  prepanng  ferrous  sulphate,  why  is  it  best  to  use  ferrous 
sulphide  instead  of  metallic  iron  r 

53.  Write  the  rational  symbol  oi  dipotassic-ferrous  sulphate,  and 
compare  its  constitution  with  that  of  the  isomorphous  ferrous  sulphate 
(336). 

54.  Compare  the  sulphates  of  magnesium,  zinc,  manganese,  and 
iron,  as  regards  the  varying  quantities  of  water  of  crystallization 
with  which  the  several  salts  may  combine. 

1  Seo  Miller*s  Chemistry  or  Percy's  Metallutgy* 
17* 
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55.  Pare  lerrons  nitrate  may  be  obtained  bjr  dissolving  fiurous 
sulphide  in  dilute  nitric  acid.    Write  the  reaction. 

56.  When  metallic  iron  is  dissolved  in  dilute  nitric  acid,  the  prod- 
ucts are  ferrous  nitrate,  ammonic  nitrate,  and  water.  Write  the  ra- 
action  and  compare  it  with  the  last. 

57.  Write  the  reaction  of  nitric  acid  (common  strength)  on  iron, 
assuming  that  the  products  are  ferric  nitrate  and  nitric  oxide. 

58.  Point  out  the  ferrous  and  ferric  compounds  among  the  symbols 
on  pages  378  and  379,  and  determine  in  each  case  the  ratio  which 
the  quantivalence  of  the  acid  radical  bears  to  that  of  the  basic  radi- 
cals, both  R'  and  [i?Ji. 

59.  Ferrous  phosphate  is  formed  by  precipitation  on  adding  codif- 
nioii  bodic  phosphate  to  the  solution  of  a  ferrous  salt.  Write  the 
reaction. 

60.  Ferrous  oxalate  is  obtained  on  adding  ammonic  oxalate  to  a 
solution  of  ferrous  sulphate*     Write  the  reaction. 

61.  Write  the  reaction  which  takes  place  when  sodic  hydrate  is 
added  to  a  cold  solution  of  lerrous  bulphate,  the  air  being  wholly  ex- 
cluded. What  further  change  takes  place  if  the  liquid  is  boiled  in 
which  the  precipitate  is  suspended  ? 

62.  Write  the  reaction  of  ammonic  sulphide  on  a  solution  of  fer- 
rous sulphate,  assuming  that  the  precipitate  fixes  two  molecules  of 
water. 

63.  Write  the  reaction  of  sodic  carbonate  on  a  solution  of  ferric 
«u]phate,  assuming  that  the  constitution  of  the  product  is  analogoos 
to  that  formed  when  the  same  reagent  is  added  to  a  solutioo  of  mag^ 
nesic  sulphate. 

64.  Write  the  reaction  of  sodic  carbonate  on  a  solution  of  ferroos 
chloride,  first,  when  the  solution  is  cold,  secondly,  when  it  is  boiling. 

65.  Ferric  hydrate  dissolves  in  a  solution  of  acid  potassic  oxalate, 
forming  potassio-ferric  oxalate.  Write  the  reaction.  What  practical 
application  may  be  made  of  it  ? 

66.  Normal  ferric  oxalate  is  precipitated  when  a  slight  excess  of 
any  ferric  salt  is  mixed  with  a  solution  of  ammonic  oxalate.  Write 
the  reaction.  The  precipitated  ferric  oxalate  readily  dissolves  in  a 
solution  of  oxalic  acid.  What  compound  is  probably  formed  ?  When 
this  solution  is  exposed  to  the  sun,  ferrous  oxalate  is  precipitated,  and 
CO^  is  evolved.     Write  the  reaction. 

67.  A  solution  of  ferrous  carbonate  in  (CO,  -^  Aq)  deposits,  wbea 
exposed  to  the  air,  a  hydrate  having  the  composition  of  Limonite. 
Write  the  reaction.     Under  what  circumstances  might  yoo  expect 
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that  a  solution  of  ferrous  carbonate  would  be  formed  in  nature,  re- 
membering that  the  soil  contains  more  or  less  ferric  hydrate  ?  Under 
what  circumstances  would  Siderite  be  deposited  from  such  chalybeate 
waters  (279)?  Can  you  form  any  theory  which  accounts  for  the 
formation  of  beds  of  Siderite  (clay  iron-stone)  in  connection  with  the 
coal-measures? 

68.  Make  a  table  of  the  possible  ferric  hydrates,  and  point  out  the 
relations  of  the  native  hydrates  in  your  scheme. 

69.  By  means  of  the  table  made  as  just  directed,  show  in  what  re- 
lation the  diflerent  native  sulphates,  phosphates,  and  arseniates  stand 
to  the  hydrates. 

70.  Make  a  table  illustrating  how  many  nitrates,  sulphates,  or 
phosphates  may  be  formed  corresponding  to  any  one  of  the  possible 
hydrates. 

71.  Represent  by  graphic  symbols  the  constitution  of  the  basic 
sulphate  OJiFe^^-O^-SO,, 

72.  When  to  the  solution  of  a  ferric  salt  an  alkali  is  added  until 
it  begins  to  occasion  a  permanent  precipitate,  and  the  solution  is 
then  raised  to  the  boiling  point,  the  whole  or  the  greater  part  of  the 
iron  is  precipitated  as  an  insoluble  basic  salt  How  do  you  explain 
the  reaction  ? 

73.  Starting  with  a  molecule  of  a  ferric  salt,  show  what  products 
would  result  by  the  assimilation  of  successive  molecules  of  ferric 
hydrate.  Again,  starting  with  one  or  more  of  the  complex  mole- 
cules thus  obtained,  and  eliminating  all  the  possible  molecules  of 
water,  show  what  must  be  the  constitution  of  the  basic  salts  which 
would  then  be  formed. 

74.  Have  you  observed  that  the  solubility  of  salts  in  water  has 
any  connection  with  the  number  of  atoms  of  typical  hydrogen  they 
contain  ?     Cite  -examples  in  favor  of  this  theory. 

75.  Cite  different  cases  in  which  water  is  eliminated  from  a  mole- 
cule on  boiling  the  liquid  in  which  the  compound  is  dissolved  or 
suspended. 

76.  When  anhydrous  ferrous  sulphate  is  heated  to  redness,  as  in 
the  process  of  making  Nonlhausen  sulphuric  acid  (249),  it  is  resolved 
into  ferric  oxide  and  into  sulphurous  and  sulphuric  anhydrides. 
Write  the  reaction. 

77.  The  Nordhausen  acid  is  now  more  frequently  made  by  distil- 
ling anhydrous  ferric  sulphate.  Write  the  reaction,  and  show  how 
the  sulphate  may  be  regenerated  and  the  same  oxide  used  over  and 
over  again. 
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78.  How  could  the  reactions  [343]  and  [339]  be  used  to  deter- 
mine the  relative  amounts  of  the  two  iron  radicals  in  a  given  minera], 
assuming  that  it  could  be  brought  into  solution  without  changing  the 
atomic  condition  of  the  metal  ? 

79.  Baric  carbonate  precipitates  all  the  iron  from  ferric,  bat  not 
any  of  the  metal  from  ferrous  solutions.  Moreover,  ferrous  hydrate 
precipitates  ferric  hydrate  from  the  solutions  of  ferric  salts.  Write 
these  reactions,  and  discuss  the  different  relations  of  the  two  iron  rad- 
icals to  which  they  point 

80.  By  what  characteristic  reactions  may  the  atomic  condition  of 
iron,  when  in  solution,  be  easily  determined  ? 

81.  Can  one  condition  of  iron  be  said  to  be  more  stable  absoluUhf 
than  the  other  ? 

82.  What  two  wholly  distinct  relationships  does  iron  manifest? 
Trace  the  lines  of  connection  in  each  case.  Point  out  also  the  spe- 
cific characters  by  which  iron  is  related  to  each  member  of  the  two 
groups  of  allied  elements. 

83.  By  what  character  are  the  elements  classed  with  alominmn 
chiefly  marked  ? 

84.  Compare  the  reaction  of  {HCl  -|-  -4^)  on  Nifi^  Cofi^  Mn^O^ 
Fe^Og,  and  show  that  the  differences  depend  on  the  reUtive  stability 
of  the  several  hexad  radicals. 

85.  In  what  way  may  magnesium,  zinc,  nickel,  cobalt,  and  man- 
ganese be  separated  from  aluminum,  chromium,  and  iron  ? 

86.  Is  there  any  reason  for  believing  that  in  crystallized  ferrie 
chloride  the  water  forms  a  part  of  the  salt  molecule  ?  Write  the 
reaction  which  takes  place  when  the  salt  is  heated. 

87.  Docs  the  Sp.  Gr.  of  anhydrous  ferric  chloride  throw  any  light 
on  the  constitution  of  the  ferric  salts? 

88.  Write  the  reactions  of  SIOl  and  of  Ol-Ol  on  ignited  metallic 
iron.  Why  should  a  ferrous  compound  be  formed  in  the  first  case 
when  a  ferric  compound  is  formed  in  the  second  ? 

89.  When  MnO^  is  melted  into  glass  colored  green  by  ferrous  ox- 
ide, the  color  is  either  wholly  removed,  or,  when  originally  very  deep, 
is  changed  to  yellow.  How  do  you  explain  this  reaction,  and  also 
the  other  familiar  blow-pipe  reactions  of  ferric  oxide  with  a  borax 
bead. 

90.  Ferric  oxide,  obtained  by  drying  the  hydrate  at  a  temperature 
not  exceeding  320°,  dissolves  easily  in  acids;  but  if  heated  to  a  low 
red  heat,  it  suddenly  glows,  becomes  denser,  and  after  this  dissolves 
in  acids  with  dilficulty.     Are  you  acquainted  with  similar  facts  in 
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regard  to  any  other  metallic  oxides  ?  It  is  observed  that  the  ignited 
oxide  dissolves  without  difficulty  in  (HCl  -|-  Aq)  when  the  action  is 
aided  by  ferrous  chloride,  zinc,  stannous  chloride,  or  some  other  re- 
ducing agent     How  do  you  explain  the  reaction  ? 

91.  Write  the  reaction  when  FeS^  is  burnt  in  a  current  of  air,  as- 
suming that  the  products  are  Fe^O^  and  <S0„  and  calculate  how 
much  sulphuric  acid,  Sp.  Gr.  1.501,  can  be  made  from  1,000  kilos, 
of  Pyrites. 

92.  In  one  process  of  purifying  coal  gas,  the  H^S  is  absorbed  by 
moist  ferric  oxide,  and  the  sulphide  thus  formed  is  subsequently 
exposed  to  the  air,  when  thd  oxide  is  '^  regenerated."  Explain  the 
reaction. 

93.  Pyrites  appears  to  be  formed  in  nature  by  the  deoxidation  of 
calcic  sulphate,  by  means  of  organic  matter  in  presence  of  chalybeate 
waters,  and  crystals  have  been  formed  artificially  on  twigs,  in  solu- 
tions of  ferrous  sulphate.     Explain  the  reaction. 

94.  When  SO^  is  passed  through  an  alkaline  solution  of  potassic 
ferrate,  ferric  oxide  is  precipitated,  while  potassic  sulphate  is  formed 
in  the  solution.  Write  the  reaction,  and  show  that  it  may  be  used 
to  determine  the  constitution  of  the  ferrates. 

95.  The  slag  of  a  blast-furnace  is  essentially  a  double  silicate  of 
alimiinum  and  calcium,  in  which  the  atomic  raiio^  of  the  two  basic 
radicals,  Ca=  and  [-^/t]!)  is  one  to  two.  In  the  less  fusible  slags  the 
total  quantivalence  of  all  the  basic  radicals  is  equal  to  that  of  the  sil- 
icon, while  in  the  most  fusible  slags  it  is  only  one  half  of  that  amount 
Write  the  symbols  of  these  silicates,  assuming  (as  is  usually  the  case) 
that  the  calcium  is  partially  replaced  by  magnesium  and  iron. 

1  By  the  atomic  ratio  of  a  compound  is  meant  the  ratio  between  the  total 
quantivalence  of  the  several  radicals  which  it  contains. 
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842.  CHROMIUM.  Or  =  52.2.  —  Sometimes,  altbongh 
rarelj,  bivalent  Usuallj  either  quadrivalent  or  sezivalent 
Many  of  the  compounds  of  this  element  have  a  brilliant  color, 
and  are  used  as  paints,  and  the  name  is  derived  frovck  xpAiia 
(color).    The  only  important  native  compounds  are 

Chromite  (Chrome  Iron)     Isometric      -^«,[CVJvin  O4, 
Crocoite  Monodinic    Ph^O^CrO^ 

The  first  is  the  ore  from  which  all  the  chrome  pigments  used  in 
the  arts  are  indirectly  prepared.  It  has  an  iron-black  color, 
and  has  been  found  in  abundance  at  a  few  localities,  associated 
with  serpentine.  The  second,  although  a  very  rare  mineral,  is 
well  known  on  account  of  its  brilliant  red  color,  and  in  it  the 
element  chromium  was  first  discovered  (by  Vauquelin  in  1797). 

843.  Metallic  Chromium  may  be  prepared  by  reducing  Or^O^ 
with  carbon  at  a  very  high  temperature,  and  still  more  readily 
by  reducing  Cr^Cl^  with  zinc,  magnesium, or  the  alkaline  metals. 
On  account  of  its  very  great  infusibility,  it  has  never  been  ob- 
tained in  compact  masses,  and  its  qualities  are  therefore  imper- 
fectly known.  The  whitish-gray  porous  mass,  formed  when  the 
oxide  is  reduced  by  carbon,  has  a  Sp,  Gr.  of  5.9.  It  is,  like 
cast-iron,  a  combination  of  the  metal  with  carbon,  and  consists 
of  grains,  which  are  as  hard  as  corundum.  The  crystalline 
powdor,  obtained  by  reducing  the  chloride  with  zinc,  has  a  Sf). 
Gr.  of  6.81,  and  is  undoubtedly  a  purer  condition  of  the  metiiL 
AViien  in  fine  |X)wder,  chromium  takes  fire  below  redness ;  but 
in  its  more  compact  forms  it  resists  oxidizing  agents  as  well  as 
aluminum,  and  acts  towards  the  different  mineral  acids  in  a 
similar  way. 

344.  C/tromoiis  Compounds.  —  This  class  includes  all  those 
coni()ounds  of  chromium  in  which  the  element  is  bivalent ;  but, 
since  its  atoms  in  this  condition  have  still  four  strong  affinities 
unsjitisfied,  the  compounds  of  this  order  are  all  very  unstable. 
The  most  important  is  CrCl^  which  is  obtained  by  heating 
Cr^Ci^  to  reiiiiess  in  a  current  of  dry  hydrogen.  The  white 
"  tlius  formed  gives  a  blue  solution  with  water,  which, 
rapidly  absorbs  oxygeoi  and  becomes  green  when  ex- 
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posed  to  the  air.  Chromous  hydrate,  which  falls  as  a  dark  brown 
precipitate  on  adding  caustic  potash  to  the  blue  solution,  even 
decomposes  water  with  evolution  of  hydrogen.  The  most  stable 
of  the  chromous  salts  is  K^CrW^\^S0.i'\2 .  6/^jO,  which  formg 
beautiful  blue  crystals  isomorphous  with  the  corresponding  fer- 
rous salt. 

345.  Chromic  Compounds.  —  In  these  compounds  the  ele- 
ment is  quadrivalent,  but  they  all  contain  the  sexivalent  radical 
[  O2].  The  commercial  chromic  oxide  is  a  brilliant  green  pow- 
der, which  is  very  much  used  in  the  arts,  not  only  as  a  common 
paint  (chrome  green),  but  also  as  a  vitritiable  pigment,  smce  it 
imparts  a  beautiful  green  color  to  glass  and  to  the  glazing  of 
porcelain  ware.  It  may  be  prepared  from  the  chromates  in  a 
great  variety  of  ways,  as  is  illustrated  by  the  following  re- 
actions :  — 

4[HgJ=0,=CrO,  =  2[Cr JOs  +  SSIg  +  5©<fi).  [345] 

(WH,),=0,=Cr,0,  =  [CrJOa  +  4IS,®  +  BST^.  [346] 

A(§xm^®\^  =  2[CrJiOs  +  401-^91  +  CfiKD.  [347] 

[Cr JOs  +  2KCI  +  2(0)0.  [348] 

The  first  two  reactions  are  obtained  by  simply  ignitin*;  the  solid 
chromates.  The  third,  by  passing  the  vapor  of  chloro-chromic 
anhydride  through  a  red-hot  porcelain  tube,  and  the  last,  by 
passing  chlorine  gas  over  ignited  potassic  dichromate.  By  the 
third  reaction  the  oxide  may  be  obtained  in  definite  rhomboH^ 
dral  crystals  {Sp.  Gr.  5.21),  which  have  the  form  and  hardness 
of  specular  iron,  and  even  the  amorphous  commensal  oxide  is 
so  hard  that,  when  finely  levigated,  it  may  be  used  like  rouge 
for  polishing  glass.  In  this  hard  condition  the  oxide  is  almost 
insoluble*  in  acids.  There  is,  however,  a  less  dense  condition  of 
the  oxide  (obUiined  by  cautiously  heating  the  hydrate),  which 
dissolves  freely  in  all  the  mineral  acids.  It  has  a  darker  color, 
and,  like  ferric  oxide,  changes  suddenly  with  incandescence  into 
the  insoluble  modification,  if  heated  above  a  definite  point.  At 
the  hlghe^st  temperatures  chromic  oxide  does  not  lose  oxygen, 
and  cannot  be  reduced  by  hydrogen.  It  may  be  melted  by  the 
heat  of  a  forge  fire,  and  the  molten  oxide  forms,  on  oooliog,  a 
very  hard  dark-green  crystalline  solid* 
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There  are  a  number  of  chromic  hydrates  corresponding  to  the 
ferric  hydrates ;  but  the  diifereut  compounds  cannot  be  isokited 
as  readily,  and  their  symbols  have  not  been  as  accurately  deter- 
mined. When  sodic  or  potassic  hydrate  is  added  to  the  solu- 
tion of  a  chromic  salt,  the  chromic  hydrate  first  precipitated  is 
dissolved  by  an  excess  of  the  reagent,  but  tiie  precipitate  reap- 
pears on  boiling  the  liquid.  These  precipitates  retain  a  portion 
of  the  alkali,  which  modifies  the  qualities  of  the  hydrate,  and 
this  circumstance  renders  the  investigation  of  these  compounds 
very  difficult.  The  only  way  to  procure  a  pure  hydrate  is  to 
precipitate  with  ammonia  from  boiling  solutions.  The  light- 
blue  precipitate  thus  obtained  retains  from  one  to  seven  mole- 
cules of  water,  according  to  the  conditions  under  which  it  is 
dried. 

The  soluble  chromic  salts  affect,  as  a  rule  »t  least,  two  modi- 
fications. In  one  state  they  have  a  violet  color,  and  crystallize 
more  or  less  readily,  while  in  the  other  they  have  a  green  color, 
and  are  uncrystallizable.  Thus  we  have,  besides  an  anhydrous 
chromic  sulphate,  which  is  red  and  insoluble,  the  two  foUowlDg 
hydrous  salts :  — 

Violet  Sulphate  (soluble  and  cryst.)  [ Or;\lO,l{SO.)^  .  15^,0, 
Green       "     (soluble  but  uncryst)  [C>2jiOJ(^0;Js  .    bH^O. 

The  second  is  obtained  by  heating  the  crystals  of  the  first  to 
100®.  But  the  water  thus  driven  off  cannot  be  wholly  water  of 
crystallization,  for  on  simply  boiling  a  solution  of  the  violet 
compound  the  same  change  of  color  and  crystalline  character 
takes  place.  There  is  evidently  an  essential  alteration  in  the 
molecular  structure  of  the  compound,  but  further  than  this  we 
have  as  yet  no  knowledge. 

The  best  known  of  the  chromic  8alt<^  is  chrome  ahim^  which 
is  easily  prepared  from  commercial  potassic  bichromate  by  the 
reaction. 

{K^'O^-Or^O,  +  HfOfSO^  +  S-S'O,  +  Aq)  = 

(AV[Cir,]TiuO,TUi(50,)4  +  11,0  +  Aq).  [349] 

This  salt,  like  the  other  alums,  crystallizes  with  24ff^O  in  octa- 
hedrons having  a  dark  purple  (nearly  black)  color,  but  which, 
when  sufficiently  thin,  transmit  a  beautiful  ruby  red  tint.     Care 
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must  be  taken  in  reducing  the  chromate  that  the  temperature 
of  the  solution  does  not  rise  too  high,  for  above  70°  or  80°  the 
change  above  described  takes  place,  and  the  salt  loses  its  power 
of  crystallizing.  By  keeping,  however,  the  green  solution  thus 
formed  ibr  several  weeks,  it  gradually  recovers  its  violet  color, 
and  then  will  yield  the  normal  crystals. 

34G.  The  Chromic  OxalcUes  form  two  interesting  series  of 
double  salts.  Those  of  the  first  class  have  a  dark -blue,  and 
those  of  the  second  class  a  ruby-red  color.     Thus  we  have 

Blue  Salt  K^^l  Or^']  ^  0^  C,  O,)^ .  6^^  0, 

Red  Salt  Ai,[  O J  Tiu  0^^rui(  (7,  0^)^  .  SH^  0  or  1 27/,  0. 

Ammonia  gives  no  precipitate  in  solutions  of  these  salts,  neither 
does  potassic  hydrate,  until  they  are  boiled.  Corresponding 
compounds  are  known  containing  {NH^^  Na^  Ba,  aSt,  Ca,  or 
Afg  in  place  of  K^,  but  with  varying  quantities  of  water  of  crys- 
tallization. 

347.  Chromic  Nitrate  may  be  obtained  in  dark  purple  crys- 
tals having  the  composition  [OJlO^KiVOs)^  .  ISH^O,  by  dis- 
solving chromic  hydrate  in  nitric  acid,  but  the  solution  becomes 
green  and  uncrystallizable  if  heated  beyond  a  limited  degree. 

348.  Chromic  Chloride,  [OJiC/e,  is  prepared  by  passing 
chlorine  gas  through  an  intimate  mixture  of  chromic  oxide  with 
carbon,  heated  to  intense  redness  in  a  crucible  [126],  when  the 
chloride  sublimes  and  may  be  condensed  in  a  second  crucible 
covering  the  mouth  of  the  first.  It  forms  nacreous  scales  which 
have  a  beautiful  peach-blossom  color,  and  resist  the  action  of 
the  strongest  acids.  They  are  insoluble  in  cold  water,  and  even 
in  boiling  water  only  dissolve,  if  at  all,  very  slowly ;  but  singu- 
larly, on  the  addition  of  the  smallest  quantity  of  chromous  chlo- 
ride, they  dissolve  immediately,  generating  much  heat,  and 
forming  a  green  solution  identical  with  that  obtained  by  dissolv- 
ing chromic  hydrate  in  hydrochloric  acid.  A  solution  of  the 
corresponding  violet  chloride  may  be  formed  by  adding  baric 
chloride  to  a  solution  of  the  \iolet  sulphate ;  and  it  is  worthy  of 
notice  that,  while  from  this  last  solution  argentic  nitrate  precip- 
itates the  whole  of  the  chlorine,  it  only  precipitates  from  a  so- 
lution of  the  green  compound  one  third  of  its  chlorine,  unless 
the  liquid  is  boiled.     Green  crystals  having  the  composition 
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[ Or^  C%  •  12^0  have  been  described,  and  oompoonds  of  chio- 
mic  chloride  with  the  alkaline  chlorides  are  also  known. 

Besides  the  remarkable  modifications  of  the  chromic  salts  de- 
scribed above,  most  of  them  manifest  a  strong  tendency  to  form 
basic  compoands,  bat  the  principle  which  they  illustrate  has 
been  already  sufficiently  discussed  (387). 

d49.  Chlorhydrines,  —  When  hydrated  chromic  chloride  is 
dried,  it  gives  off,  as  the  temperature  increases,  both  water  and 
hydrochloric  acid,  and  compounds  are  formed  which  occupy  an 
intermediate  position  between  chromic  chloride  and  chromic 
hydrate,  and  may  be  regarded  as  derived  from  the  former  by 
replacing  one  or  more  atoms  of  chlorine  with  hydroxyl.  Thus 
we  have 

Chromic  Chloride  [  C^>]  i  ^ 

Chromic  Penta-chlorhydrine  [^JiCTj  ,  Ho  .  AMgOf 

Chromic  Tetra-chlorhydrine  [CVJiC^  ,  Ho^ 

Chromic  Dichlorhydrine  [CVs]iC7^  ,  Ho^ 

Chromic  Hydrate  \^Or^Ho^ 

The  name  chlorhydrineB  is  now  generally  applied  to  bodies 
of  this  class,  and  it  can  easily  be  seen  that  they  may  be  formed 
from  water  and  the  anhydrous  chlorides  by  a  simple  metathesis. 
The  compounds,  whose  symbols  are  given  in  (225)  and  (263), 
may  be  regarded  as  having  a  similar  constitution,  and  the  same 
is  true  of  many  other  oxychlorides,  oxyfluorides,  &c. 

350.  Chromates  or  Oompoundi  in  which  Chromium  %8  Sexiv^ 
aient.  —  These  are  the  most  characteristic  and  important  of  the 
com|)Ounds  of  this  element,  and  the  best  known  of  all  is  poUunc 
diehromatej  which  is  manufactured  on  a  large  scale  in  the  arts, 
and  extensively  used  both  in  dyeing  and  in  the  preparation  of 
various  chrome  pigments.  It  is  made  from  native  chrome  iron, 
which  is  reduced  to  fine  powder  and  roasted  on  the  hearth  of  a 
reverberatory  furnace  with  a  mixture  of  chalk  and  potaasic  car- 
bonate. The  mixture  is  constantly  stirred  to  hasten  the  oxida- 
tion, and  the  chalk  facilitates  the  change  by  retaining  the  mass 
in  a  porous  condition.  From  the  product,  water  dissolves  yel- 
low potastsic  chroraate,  which  is  easily  converted  into  the  red 
dichromate  by  the  addition  of  nitric  add,  and  the  salt  is  then 
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separated  and  purified  by  repeated  crjstallizationB,  There  are 
three  potassic  chromates,  all  of  which  yield  anhydrous  crystals 
easily  soluble  in  water. 

Potassic  Chromate  (Yellow)  Ki'  Of  Or  0„ 

Potassic  Dichromate  (Orange  Red)         Ki'O^Or^O^ 
Potassic  Trichromate  (Dark  Red)  K^O^Or^O^ 

The  normal  salt  is  isomorphous  with  potassic  sulphate.  It 
melts  when  heated^  and  is  not  decomposed  by  simple  ignition ; 
but  when  heated  with  reducing  agents  it  yields  chromic  oxide 
mixed  with  some  potassic  salt.  When  in  solution,  it  has  an 
alkaline  reaction,  and  is  converted  into  the  dichromate  by  the 
weakest  acids.  The  dichromate  also  fuses  without  decomposi- 
tion, but  when  heated  to  a  high  temperature  it  is  converted  into 
the  normal  salt  and  chromic  oxide.  In  solution  it  has  an  acid 
reaction,  and  on  the  addition  of  potassic  hydrate  changes  to  the 
normal  salt.  Both  salts  possess  great  coloring  power.  The 
trichromate  has  merely  a  theoretical  interest 

In  another  process  of  manufacturing  the  commercial  chro- 
mates  the  chrome  ore  is  simply  roasted  with  lime.  There  is 
thus  formed  the  normal  calcic  chromate,  which,  although  itself 
only  partially  soluble  in  water,  is  converted  by  digestion  with 
dilute  sulphuric  acid  into  a  dichromatey  which  is  very  soluble, 
and  from  this  solution  the  other  chromate  may  be  easily  obtained 
by  pimple  metathetical  reactions.  The  chromates  both  of  cal- 
cium and  strontium  dissolve  readily  in  dilute  acetic  acid,  while 
baric  chromate  is  insoluble  in  this  reagent ;  and  on  this  fact  is 
based  an  important  method  of  qualitative  analysis. 

There  are  two  plumbic  chromates,  which  are  not  only  impor- 
tant pigments  and  dyes,  but  are  also  interesting  theoretically. 
Their  symbols  are  usually  written  thus :  — 

Plumbic  Chromate  (Chrome  Yellow)        Ph^O^OrO^ 
Diplumbic      **         (Chrome  Orange)        {Pb-O-PbyO^OrOr 

The  first  falls  as  a  brilliant  yellow  precipitate  when  a  soluble 
chromate  is  added  to  a  solution  of  plumbic  acetate,  and  oorre^ 
spends  to  the  mineral  Croooite.  It  melts  at  a  moderate  heat, 
forming  on  cooling  a  red  crystalline  solid ;  but  when  strongly 
ignited  it  is  decomposed,  and  a  mixture  of  the  seoood  oompouml 
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with  chromic  oxide  is  the  result.  The  diplumbic  chromate  has 
a  deep  orange  or  red  color,  according  to  the  mode  of  prepara- 
tion. The  finest  vermilion-red  is  made  by  fusing  the  yeUow 
chromate  with  nitre,  and  washing  out  the  potassium  salt  with 
water,  while  an  orange  color  is  obtained  in  dyeing  by  passing 
the  cloth  through  boiling  lime-water,  after  chrome  yellow  has 
been  fixed  in  its  fibres  by  steeping  it  successively  in  solutions 
of  plumbic  acetate  and  potassic  bichromate. 

Several  other  metallic  chromates,  which  are  easily  prepared 
by  precipitation,  are  used  in  painting;  but  the  coloring  power 
of  the  chrome  pigments  is  so  great  that  they  are  frequently 
adulterated  with  chalk  or  some  similar  white  material,  and  the 
tint  is  varied  by  mixing  them  with  other  paints.  One  variety 
of  chrome  green  is  a  mixture  of  chrome  yellow  with  Prussian 
blue. 

The  chromates  are  oxidizing  agents,  and  fused  plumbic  chro- 
mate is  sometimes  used  for  this  purpose  in  organic  analysis. 
When  heated  with  strong  sulphuric  acid  they  evolve  oxygen  gas 
[230] ;  with  hydrochloric  acid  they  evolve  chlorine,  and  in  both 
cases  chromic  salts  are  formed. 

From  the  chromates  we  can  easily  prepare  chromic  anhydride^ 
OrOfi^  and  the  comparative  stability  of  this  compound  illustrates 
most  markedly  the  chief  characteristic  of  the  element  chromium. 
The  anhydride  is  most  readily  obtained  by  pouring  one  meas- 
ure of  a  saturated  solution  of  potassic  dichromate  into  one  and 
a  half  measures  of  concentrated  sulphuric  acid.  As  the  liquid 
cools,  chromic  anhydride  crystallizes  from  it  in  splendid  crim- 
son needles.  This  beautiful  compound  is  permanent  in  the  air, 
and  melts  at  190^  without  undergoing  decomposition ;  but  at  a 
higher  temperature  it  gives  off  oxygen  gas,  changing  first  into  an 
intermediate  brown  oxide,  Cr^O^,  and  aAerwards  into  Cr^O^ 
It  deliquesces  in  moist  air,  and  dissolves  in  water  in  all  propor- 
tions. This  solution  may  be  regarded  as  chromic  acid,  but  the 
solution  on  evaporation  yields  crystals  of  the  anhydride,  and  we 
have  no  evidence  that  a  definite  compound  is  formed.  It  is  a 
very  powerful  oxidizing  agent,  and  absolute  alcohol  inflames 
when  brou<;ht  in  contact  with  the  crystals. 

Chlorochromic  Anhydride,  CrlO^Cl^  a  compound  of  the 
same  type  as  the  last,  is  distilled  when  a  mixture  of  potassic 
dichromate,  common  salt,  and  sulphuric  acid  is  heated  in  a  glasa 
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retort.  It  is  a  blood-red  volatile  liquid,  boiling  at  US'*,  and 
yielding  a  vapor  whose  6p.  ®r.  (5.52)  can  be  easily  determined. 
It  is  at  once  decomposed  by  water  into  hydrochloric  acid  and 
chromic  anhydride,  and,  like  the  last,  is  a  powerful  oxidizing 
agent ;  but  it  is  chiefly  interesting  from  its  theoretical  bearings. 
The  existence  also  of  CrOl^  and  CrCl^  has  been  inferred  from 
certain  reactions,  but  they  have  never  been  isolated. 

When  potassic  dichromate  is  dissolved  in  moderately  strong 
hydrochloric  acid  at  a  gentle  heat,  there  separate,  on  cooling, 
beautiful  orange-colored  needles,  of  a  salt  whose  composition 
may  be  represented  by  the  symbol  CrlO^CUKo  or  K-0\Cn 
0.>.CI)^  and  another  compound  has  been  obtained  whose  symbol 
las  been  written  CrlC^Gl^Ho  .  2H^CL  Their  theoretical  re- 
lations are  obvious. 

Another  interesting  compound  belonging  to  the  type  of  chro- 
mic anhydride  is  the  fluoride,  CrF^.  It  distils  when  a  mixture 
of  fluor-spar,  plumbic  chromate,  and  sulphuric  acid  are  heated 
in  a  leaden  retort,  and  may  be  condensed  (in  a  perfectly  dry 
leaden  receiver  kept  at  a  very  low  temperature)  to  a  blood-red 
liquid ;  but  the  moment  it  comes  in  contact  with  moist  air  it  is 
decomposed  into  hydrofluoric  acid  and  chromic  anhydride,  and 
this  reaction  is  one  means  of  preparing  the  anhydride  in  a  state 
of  purity. 

Lastly,  there  appears  to  be  a  perchromic  acid  corresponding 
to  the  permanganic  acid.  The  compound  in  question  is  formed 
when  to  a  solution  containing  peroxide  of  hydrogen  and  free 
hydrochloric  or  sulphuric  acid  is  added  a  small  quantity  of  some 
chromale.  On  shaking  up  the  mixture  with  a  few  drops  of 
ether,  this  solvent  acquires  a  deep  blue  color,  which  is  supposed 
to  be  due  to  perchromic  acid,  and  the  reaction  serves  as  a  very 
delicate  test  for  chromium. 

351.  Sufphides,  —  The  sulphides  of  chromium  are  unimpor- 
tant The  black  precipitate  formed  when  ammonic  sulphide  is 
added  to  the  solution  of  a  chromous  salt  is  probably  OrS.  A 
sesquisulphide,  CVj*^  may  also  be  obtained  as  a  black  powder 
by  passing  ff^S over  ignited  Cr^Cl^,  Like  aluminic  sulphide, 
it  is  decomposed  by  water,  and  cannot,  therefore,  be  formed  in 
an  aqueous  solution. 
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Questions  cmd  Problems* 

1.  In  what  order  would  you  claasify  the  elementB  allied  to  dut^ 
mium,  regarding  only  the  stability  of  the  compounds  in  which  thej 
act  as  bivalent  radicab  ?    Make  a  table  illustrating  this  point. 

2.  In  what  order  would  you  classify  the  same  elements,  regarding 
alone  the  stability  of  the  several  radicals  [/2 Jl  V  Compare  the  qual- 
ities of  the  several  oxides  and  chlorides  of  these  radicals. 

8.  What  is  the  chief  chemical  characteristic  of  chromium  ?  and 
bow  is  this  illustrated  by  reactions  [345]  to  [348]  ? 

4.  Can  you  form  any  theory  as  to  the  cause  of  the  difference  b»> 
tween  the  blue  and  green  modifications  of  the  chromic  sails  ?  Coo»- 
pare  (337). 

5.  Blue  chromic  oxalate  is  made  by  boiling  a  solution  of  19  parts 
^  potassic  dicbromate,  23  of  potassic  oxalate,  and  55  of  crystallized 
oxalic  acid.  The  red  salt  is  made  in  the  same  way  with  19  parts  of 
the  dichromate,  and  55  of  oxalic  acid  only.    Write  the  reactions. 

6.  What  inference  would  you  draw  from  the  peculiar  reactions  ol 
chromic  chloride  ? 

7.  Explain  the  two  methods  of  making  potassic  dichromate^  and 
illustrate  the  process  by  reactions. 

8.  Represent  by  graphic  symbols  the  constitution  of  the  three  p<K 
tassic  cbromates. 

9.  The  plumbic  cbromates  may  all  be  represented  as  containing  the 
radical  (0=P\)y  including  the  very  rare  mineral  ^cenicochroite, 
Which  contains  23.1  CrO^  and  76.9  PbO,  Write  the  symbols  of  the 
three  cbromates  on  this  assumption,  and  weigh  their  probability  af 
compared  with  those  given  above.  Compare  the  reactions  of  the 
plumbic  with  those  of  the  potassic  salts,  and  consider  what  bearing 
the  general  isomorphism  of  the  cbromates  with  the  sulphates  has  oq 
the  question  (296). 

10.  Illustrate  by  reactions  the  method  of  dyeing  cloth  with  dirome 
orange. 

11.  Write  the  reaction  of  strong:  hydrochloric  acid  on  potaasio  di- 
chromate, assuming  that  the  principal  products  are  chromic  chloride 
and  chlorine  gas. 

12.  When  //,5  is  passed  through  a  solution  of  potassic  dichromate 
supersaturated  with  sulphuric  acid,  sulphur  is  precipitated,  and  the 
color  changes  from  red  to  green.     Write  the  reaction. 

13.  A  solution  of  potassic  dichromate  supersaturated  with  sul- 
phuric acid  is  much  used  instead  of  nitric  acid  in  the  porooa  cup  of 


QUESTIONS  AND  PBOBLEMS.  407 

Grove's  or  BuDsen's  voltaic  cell  (90).    What  is  the  theory  of  its 
action? 

14.  When  a  solution  of  potassic  dichromate  supersaturated  with 
sulphuric  acid  is  boiled  with  oxalic  acid,  all  the  chromic  acid  is  re- 
duced to  the  condition  of  a  chromic  salt,  and  an  equivalent  amount 
of  CO^  is  set  free.  Write  the  reaction,  and  show  how  it  may  be  used 
to  determine  the  quantity  of  CrO^  in  the  dichromate. 

15.  The  chromium  in  a  soluble  chromate  may  also  be  estimated  as 
sesquioxide.  By  what  reactions  may  this  oxide  be  separated  in  a 
condition  to  be  accurately  weighed  ? 

16.  How  may  potassic  chromate  be  used  to  separate  barium  from 
calcium  smd  strontium  ? 

17.  It  has  been  found  by  careful  experiment  that  10  grammes  of 
chromic  anhydride  yield  7.6048  grammes  of  chromic  oxide.  We 
know  also  the  Sp.  6r.  of  chlorochromic  anhydride,  and  that  this  com- 
pound when  brought  in  contact  with  water  undergoes  the  change 
described  above.  Deduce  the  atomic  weight  of  chromium,  and  sti^ 
the  steps  in  your  reasoning. 

18.  Write  the  reaction  by  which  chlorochromic  anhydride  is  oly- 
tained  in  the  reaction  described  in  the  text  It  may  also  be  made 
by  distilling  in  a  small  retort  a  dry  mixture  of  ferric  chloride  and 
chromic  oxide.    Write  the  reaction. 

19.  What  is  the  relation  of  the  compound  KCrO^Cl  to  potasrio 
chromate  on  the  one  side,  and  chlorochromic  anhydride  on  the 
other  ? 

20.  Write  the  reaction  by  which  CrF^  is  obtained  in  the  reaction 
described  above.  It  may  also  be  prepared  by  distilling  a  mixture  of 
potassic  dichromate,  ammonic  fluoride,  and  sulphuric  acid.  Write 
the  reaction. 

21.  Chromic  fluoride  is  decomposed  by  glass,  and  for  this  reason 
we  have  not  been  able  to  analyze  it,  or  to  determine  the  density  of 
its  vapor  satisfactorily.  Its  constitution  is  inferred  from  the  pro- 
ducts of  its  reaction  with  water.    Is  the  conclusion  trustworthy  ? 

22.  Write  the  reaction  of  ammonic  sulphide  on  a  solution  of 
chrome  alum. 
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852.  ALUMINUM.  Al  =  27.4.  —  Tetrad,  but  its  com- 
pounds all  contain  the  double  atom  [^4]  =  54.8,  which  is  a 
hexad  radical.  A  verj  widely  distributed  element,  and,  aAer 
oxygen  and  silicon,  the  most  abundant  constituent  of  the  rocky 
crust  of  the  globe,  of  which  it  has  been  estimated  that  it  forms 
about  one  twelfth.  It  occurs  chiefly  in  combination  with  oxy- 
gen and  silicon,  and  most  of  the  siliceous  minerals,  and  rocks, 
when  not  pure  silica,  contain  aluminum  as  an  essential  ingredi- 
ent. For  a  full  enumeration  of  the  aluminum  minerals,  the  stu- 
dent must  consult  works  on  mineralogy.  The  following  list 
comprises  only  such  of  the  more  characteristic  native  compounds 
as  illustrate  the  chemical  relations  of  the  elemenL 


Cryolite 
Chiohte 
Pachnolite 
Thomsenolite 


Fluorides, 

Orthorhombic  lAi;\F^  ^  ^NaF, 

Tetragonal  [^4]-^e  •  ^NaF, 

Monoclinic  [^^-^e  •  3[  OaJlfa^'\F^ .  2H^0, 

Monoclmic  [^]i^« .  2[  Ca^Na^F^ .  %Hfi. 


Oxides. 

Spinel  (Ruby)                     Isometric  Mg.[Ai^']^0^ 

Gahnite                                Isometric  Z/i.[^y  tui  0^ 

Ilercynite                             Isometric  FelAl^']^0^, 
Corundum,  Sapphirey  Oriental  Ruby,  Oriental  Topaz,  Oriental 

Amethyst,  &c                 Hexagonal  [^4]iO^ 

Emery                                 Massive  [-P^ySCV 


Gibbsite 
Beauxito 
Diaspore 
Chrysoberyl 


Hydrates. 

Hexagonal 
Ma*isive 
Orthorhombic 
Orthorhombic 


Of[ALyo,H„ 


§352.] 


ALUMIKUH. 


409 


Sulphates. 


Alunogen  Monodinic 

Aluminite  Massive 

ParalumiDite      Massive 
Alum-stone  (Alunite) 

Rhombohedral  -K^i,lAl^']^xx0^gini(S0^)3,ffw  or 


OflAuyo^'(SOi) .  9/rjO, 


Octahedral  Alums. 

Potassium  Alum  Isometric       jS'2,[jyviuOgTui(5'02)4.24flJO, 
Ammonium  Alum        "       (-^-fli)2.[-4y  ^m  O^rml  SO^)^ .  24^,  0. 


Pickering!  te 

Apjobnite 

Halotrichite 


Fibrous  Alums. 

Fibrous  Mg,\_Ak'\  vw 0^y^vL{SO^^  .  2211^0, 
Fibrous  MnlAl^']ymO^,rm(SOi)^ .  22H^O, 
Fibrous         -F«,[^J  ^iii O^^^lsO^)^ .  22H^O. 


Lazulite 

Turquois 

Wavellite 


Phosphates. 

Monoclinic  Ht,Mg^\^Al^itOioxP^ 
Reniform  0^lAk\WMPO)» 

Orthorhombic     ^Aky^ 0^^^{PO)M  .  dff^O. 


Andalusite 

Cyanite 

Topaz 


Silicates. 

Orthorhombi 

Monoclinic 

Orthorhombic 


hombic  ) 
linic      I 


O^Al,']W^Si, 
F^[Ali]Wi^Si. 


Feldspars. 


Anorthite 

Labradorite 

Leucite 

01i<;oclase 

Albite 

Orthodase 


Triclinic 

Triclinic 

Isometric 

Triclinic 

Triclinic 

Monoclinic 


18 


K^lAli']  viii  Og'^iSi^  O4, 

[  Ca.Na^llAl^]  viii  0,rmSi,0^ 

Na^^Ali]  Till  Os^\Si^O» 

K^lAl^^ymOs^Si^Ot^ 
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Eaolinite       Orthorhombic  H^{,^  ^  O^^Si^  .  H^  O^ 

Hallojsite      Massive  H^lAi;\^Oi^Si^ .  2i5;0» 

Fyrophyllite  OrthorhombiG  H^lAi;\^O^^Si^O^ 

Agalmatolite  Massive  HJiAl^^vkO^'^Si^O^ 

Zeolites, 

Thomsonite  Orthorhombic  [iVa»  Ca],[ jy  vui  O^^iSi^ .  2\H^0, 

Natrolite  Orthorhombic  Na^[^Al^'\  viu  Ogvui^tj 0,  .  2^0, 

Scolecite  Monoclinic  Ca,[Al^  viu O^^^Si^ O,  .  dJ%(^ 

Analcime  Isometric  2'^(t^[Al2]^^nO^^^St\0^ .  2llf0^ 

Chabazite  Hexagonal  Ca^lAI^^^'^^Ofi'^Si^O^  •  GHfOf 

llannotome  Orthorhombic  J^i^lAi^jyUiO^^i^Si^O^  .  5HiO, 

Heulandite  Monoclinic  Ca^lAf^^rmO^vmSi^O^  ,  dH^Oy 

Stilbite  Orthorhombic  Ca,[^/s]  tiu  O^tiu^?;  Ck  .  6-fliO. 

To  this  list  may  be  added  the  Gctmets,  the  Scapol%U$y  Uie 
£pidotes,  the  Micas,  and  the  C/dorttes,  all  large  and  important 
groups  of  minerals,  which  are  chiefly  silicates  of  aluminum,  but 
which  present  differences  of  composition  similar  to  those  illuA- 
trated  above.  It  is  impossible,  however,  in  the  present  state  of 
the  science,  to  deduce  from  the  results  of  the  analysis  of  many 
of  these  minerals  any  satisfactory  or  probable  rational  formala. 
The  mineral  Lapis  Lazuli  is  a  remarkable  illustration  of  this 
fact.  It  has  a  definite  crystalline  form  (Fig.  6),  and  has  long 
been  used  as  a  paint  under  the  name  of  ultramarine.  It  is  a 
silicate  of  aluminum,  calcium,  and  sodium,  with  a  sulphide  prob- 
ably of  iron  and  sodium ;  but  numerous  analyses  have  given  no 
definite  clew  either  to  its  rational  formula  or  to  the  cause  of  its 
beautiful  blue  color.  Nevertheless,  the  pigment  is  now  made 
artificially  in  lar^  quantities,  by  combining  the  ingredients  in  the 
proportions  which  the  analyses  have  indicated,  and  this  would 
seem  to  show  that  it  is  the  theory  and  not  the  analysis  which  is 
at  fault    This  subject  will  be  further  discussed  under  silicon. 

It  will  be  noticed  that  among  the  native  com})ound8  of  alumi- 
nnm  are  included  several  of  the  precious  stones,  and  also  Emerj, 
which  yields  an  exceedingly  hard  powder  very  much  used  in 
polishing.    From  the  clays  the  clay  slates,  and  to  a  less  extent 
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from  the  rarer  minerals  Alum-stone  and  Beauxite,  the  almns 
and  other  soluble  salts  of  aluminum  are  prepared.  Cryolite, 
now  imported  from  Greenland  in  large  quantities,  has  become 
an  important  source  of  soda-ash.  The  feldspars,  and  more  im- 
mediatelj  the  clajs  which  result  from  their  disintegration,  are 
largely  used  in  the  manufacture  of  porcelain  and  the  various 
kinds  of  earthenware.  The  coarser  clays  furnish  the  material 
for  bricks.  The  slates,  the  porphyries,  the  granites,  the  tra- 
chytes, the  green  stones,  the  lavas,  and  other  rocks,  rich  in 
aluminum,  are  used  in  building;  but  the  other  aluminous 
minerals,  with  few  exceptions,  find  no  important  applications 
in  the  arts. 

353.  Metallic  Aluminvtm.  —  Readily  obtained  by  reducing 
either  the  chloride  or  the  native  fluoride  (Cryolite)  with  metal- 
lic sodium.  It  has  a  brilliant  white  lustre,  and  possesses  'to  a 
high  degree  all  the  qualities  of  a  useful  metaL  It  has  a  low 
specific  gravity  (2.56),  but  still  a  very  great  tenacity.  It  is 
singularly  sonorous.  It  is  very  malleable  and  ductile.  It  is  an 
excellent  conductor  of  heat  and  electricity.  It  has  a  high  melting 
point,  although  somewhat  lower  than  that  of  silver.  It  does  not 
tarnish  in  the  air,  and  the  molten  metal  does  not  oxidize,  even 
when  heated  to  a  high  temperature.  Its  present  value,  which 
depends  solely  on  the  cost  of  extraction,  greatly  limits  the  ap- 
plications of  aluminum  in  the  arts ;  but,  nevertheless,  it  is  used 
to  a  limited  extent  for  cheap  jewelry,  and  in  a  few  philosophi- 
cal instruments,  where  it  is  important  to  combine  lightness  with 
strength.  An  alloy  of  copper  with  about  ten  per  cent  of  pure 
aluminum,  called  aluminum  bronze,  has  the  color  of  gold,  and 
an  almost  equal  power  of  resisting  atmospheric  agents. 

Neither  sulphuric  nor  nitric  acids,  when  cold  and  sufiicientlj 
diluted,  attack  aluminum,  and  nitric  acid  dissolves  it  only  slowly 
when  concentrated  and  boiling.  Hot  sulphuric  acid,  however, 
when  not  diluted  with  more  than  three  or  four  parts  of  water, 
dissolves  it  rapidly  with  the  evolution  of  hydrogen  gas.  The 
best  acid  solvent  is  hydrochloric  acid,  which  acts  on  the  metal 
at  the  ordinary  temperature  even  when  greatly  diluted ;  hut, 
singularly,  the  metal  dissolves  almost  equally  well  in  a  solution 
of  caustic  soda  or  potash ;  and  a  comparison  of  the  two  following 
reactions  will  make  evident  one  of  the  most  important  features 
in  the  chemical  relations  of  this  metaL 
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already  been  given  (352).  They  alone  crystallize  readily,  and 
can  therefore  be  easily  manufactured  on  a  large  scale  in  a  con- 
dition which  insures  purity.  The  alkaline  sulphate  which  they 
contain,  although  it  determines  the  peculiar  crystalline  charac- 
ter of  these  double  salts,  is  wholly  worthless  to  the  dyer,  and  it 
depends  chiefly  on  the  ruling  price  whether  the  ammonic  or  the 
potassic  salt  is  employed  in  their  manufacture.  Sodic  alum  does 
not  crystallize  readily,  and  is  therefore  never  used.  The  alu- 
minic  sulphate,  which  is  the  only  useful  part  of  the  alums,  is 
generally  obtained  by  decomposing  clay  or  shale,  afler  it  has 
been  roasted  at  a  low  red  heat  with  sulphuric  acid.  It  is  made 
in  large  quantities  in  England  and  Grermany  from  a  bituminous 
shale,  found  among  the  lowest  beds  of  the  coal  measures,  which 
contains  a  large  quantity  of  iron  pyrites  disseminated  through 
the  mass.  When  this  alum  schist,  or  alum  ore  as  it  is  called, 
is  slowly  burnt,  one  half  of  the  sulphur  of  the  pyrites  is  con- 
verted into  sulphuric  acid,  which  at  once  decomposes  a  portion 
of  the  aluminic  silicate  that  the  shale  contains,  thus  yielding  a 
certain  amount  of  aluminic  sulphate.  At  the  same  time  ferrous 
sulphate  is  formed  by  the  oxidation  of  the  residue  of  the  pyrites, 
and  when  the  roasted  mass  is  lixiviated  with  water  both  salts 
dissolve.  Lastly,  on  adding  to  the  solution,  after  concentration, 
potassic  or  ammonic  sulphate,  alum  is  formed,  which  is  sepa- 
rated from  the  ferrous  salt  by  crystallization. 

A  small  amount  of  potassium  alum  is  made  in  the  Roman 
States  from  Alum-stone  (352).  This  mineral,  when  roasted 
and  exposed  for  several  months  to  the  action  of  air  and  moist- 
ure, crumbles  into  a  sort  of  mud,  which,  when  lixiviated,  yields 
the  well-known  Roman  alum. 

Within  the  last  few  years  the  use  of  alum  has  been  in  a 
measure  superseded  by  the  introduction  into  commerce  of  pure 
aluminic  sulphate,  which  is  made  by  the  direct  action  of  sul- 
phuric acid  on  some  of  the  purer  varieties  of  clay,  and  freed 
from  iron  by  means  of  sodic  ferro-cyanide.  This  reagent  is 
added  to  the  solution  so  long  as  it  occasions  a  blue  precipitate, 
and  after  this  settles  the  clear  liquid  is  decanted  and  evapo- 
rated. The  residue  is  known  as  concentrated  alum.  The  salt 
may  be  crystaUized  in  small  scales,  which  have  the  composition 
given  below. 

A  solution  of  basic  alumioio  acetate  is  also  much  used  as  a 


414  ALUMIKUH.  [f35(. 

mordant,  especially  for  madder  reds,  under  the  name  of  red 
liquor.  It  is  prepared  by  adding  plumbic  acetate  to  a  aolutkm 
of  alum.  The  only  important  soluble  salts  of  aluminum,  which 
have  not  yet  been  mentioned,  are  the  chloride  and  nitrate. 

Aluminic  Chloride  [^y  i  C^  .  1 2 j5i  0, 

Aluminic  Nitrate  [-4/,]  1  OS{NO;)^  .18/^0, 

Aluminic  Sulphate  [^  1 0^{S0^^  .  ISJ/, 0. 

The  reactions  of  the  aluminic  salts,  when  in  solution,  differ 
from  those  of  the  corresponding  ferric  salts  chiefly  in  the  fact 
that  the  white  aluminic  hydrate,  which  is  precipitated  by  the 
alkaline  reagents,  dissolves  easily  and  perfectly  in  an  excess 
of  either  potassic  or  sodic  hydrate.  A  compound  of  aluminum 
may  generally  be  recognized  by  the  blue  color,  which  is  obtiuned 
when  the  solid,  previously  moistened  with  a  solution  of  cobaltic 
nitrate,  is  intensely  heated  in  the  oxidizing  flame  of  the  blow- 
pipe. 

855.  Compounds  in  which  [-^y  is  the  Acid  RadicaL  —  So- 
dic aluminate,  the  same  compound  which  is  formed  by  [351], 
is  now  manufactured  on  a  large  scale  from  Beauxite.  The  pul- 
verized mineral,  mixed  with  sodic  carbonate,  is  heated  to  bright 
redness,  and  the  soluble  aluminate  thus  formed  separated  from 
the  insoluble  residue  by  lixiviation  and  filtration.  On  evapo- 
rating the  clear  solution  (in  vacuo),  a  white  amorphous  solid  is 
obtained,  which  has  the  composition  already  given.  From  so- 
lutions of  this  compound  aluminic  hydrate  is  precipitated  on  the 
addition  of  any  soluble  acid,  or  even  on  exposure  to  the  carbonic 
acid  of  the  atmosphere,  and  this  new  commercial  product  may 
be  used  with  great  advantage  as  a  substitute  for  alum.  A  re- 
markable reaction  occurs,  when  solutions  of  aluminic  chloride 
and  sodic  aluminate  are  mixed  together  in  atomic  proportions, 
illustrating  the  singular  twofold  relations  which  the  radical 
\jAl^  may  sustain. 

([^]i(7/,  +  iVaeiOc^CJ/J  +  6^,0  +  Aq)  = 

2[ jy iO^e  +  {(^NaOl  +  Aq).  [362] 

Although  other  aluminates  may  be  prepared,  the  salt  juat 
described  is  the  only  noteworthy  example  of  this  class  of  oooi* 
pouu(Li.      Spinel,  however,  and  the  allied  ™»«fr^«,  maj  be 

yarded  as  meta-aluminates. 
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356.  Aliiminic  Chloride,  [J/j]!^^,,  is  the  only  compound  of 
aluminum  with  chlorine.  It  is  made  by  passing  chlorine  gas 
into  a  mixture  of  aluminic  oxide  with  carbon,  heated  hi  tensely 
in  an  earthen  retort,  when  the  chloride  distils  over  and  coo« 
denies  in  the  receiver  in  yellowish-white  crystalline  scales.  It 
18  a  fusible  solid,  which  volatilizes  at  a  temperature  only  a  few 
degrees  above  its  melting-point,  and  the  Sp.  6r.  of  its  vapor 
confirms  the  theory  of  its  constitution  generally  accepted.  It 
eagerly  unites  with  water,  but,  like  ferric  chloride,  it  cannot  be 
recovered  by  evaporation  when  once  dissolved.  It  forms  double 
salts  with  the  alkaline  chlorides,  and  one  of  these,  [^Al^lCl^  . 
2NaClt  plays  an  important  part  in  the  preparation  of  aluminum. 

357.  Aluminic  Oxide,  Al^O^  forms,  as  we  have  seen,  the 
mineral  Corundum.  It  may  be  obtained  artificially  by  igniting 
either  ammonia,  alum,  or  the  hydrate  obtained  indirectly  from 
Beauxite  (352).  It  is  a  hygroscopic  white  powder,  which  ad- 
heres to  the  tongue,  but  does  not  become  plastic  when  mixed 
with  water.  It  affects,  like  ferric  oxide,  two  conditions,  and  the 
change  from  one  to  the  other  is  acoompanied  in  like  manner 
by  a  sudden  incandescence.  It  may  be  fused  by  the  compound 
blow-pipe,  and  the  resulting  transparent  bead,  like  corundum, 
has  a  hardness  only  inferior  to  that  of  diamond.  Moreover, 
colored  crystals,  resembling  the  ruby  and  the  sapphire,  have 
been  obtained  by  art. 

358.  Aluminic  Sulphide,  [^4]§«%,  is  formed  when  finely  di- 
vided aluminum  is  burnt  in  the  vapor  of  sulphur  It  is  a  black 
powder,  which  is  rapidly  decomposed  by  water  into  H^S  and 
\^Al^lO^^  Hence  H^S  does  not  under  any  conditions  pre- 
cipitate aluminum  from  solutions  of  its  salts,  and  the  precipi- 
tate obtained  with  the  alkaline  sulphides  is  simply  the  normal 
hydrate. 

Questions  and  Problems. 

1.  Why  is  not  the  atomic  weight  of  aluminum  doubled  according 
to  the  principle  of  (19)  ? 

2.  Can  the  composition  of  the  native  fluorides  of  aluminum  be 
expressed  by  unitary  symbols  (69)  ?  Can  you  devise  a  process  by 
which  sodic  carbonate  may  be  made  from  Cryolite  ? 

8.   Compare  together  the  minerals  isomorphous  with  Spinel  (862). 
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(883),  (342),  and  show  in  what  two  ways  their  constitatioii  maj  be 
expressed. 

4.  Compare  the  crTstalline  form  and  hardness  of  corundum  with 
those  of  the  allied  sesquioxides. 

5.  Compare  the  native  aluminic  with  the  native  ferric  hydrates, 
and  show  how  many  of  the  possible  hydrates  are  represented  among 
the  native  aluminic  salts.  Use  the  table  of  ferric  hydrates  already 
made  (Prob.  68,  Div.  XI.). 

6.  The  symbol  of  Chrysoberyl  may  be  written  after  the  t3rpe  of 
Spinel.    What  argument  may  be  urged  for  the  form  given  above? 

7.  Make  a  table  of  the  known  compounds  of  the  two  alum  types. 

8.  On  what  principle  are  the  aluminic  silicates  classified,  and  how 
do  the  several  members  of  each  group  differ  from  each  other  ? 

9.  Determine  the  atomic  ratios  between  the  various  radicals  in 
the  several  aluminic  salts,  sulphates,  phosphates,  and  silicates.  Con- 
sider, first,  the  simple  acid  radiccUs^  and  secondly,  the  compound  acid 
radicals  in  these  minerals. 

10.  What  inference  should  you  draw  firom  a  comparison  of  the 
symbols  of  the  different  aluminum  compounds  as  regards  the  isommw 
phism  of  calcium  with  the  alkaline  radicals  ? 

11.  Some  varieties  of  Pyrophyllite  closely  resemble  Steatite.  By 
what  simple  blow-pipe  test  can  the  two  minerals  be  distinguished  ? 

12.  Write  the  reaction  of  sodium  on  sodio-aluminic  chloride  or 
fluoride,  and  calculate  how  much  aluminum  can  be  obtained  theo- 
retically for  every  kilogramme  of  sodium  employed. 

18.  How  does  the  Sp.  Gr.  of  aluminum  compare  with  that  of  the 
other  useful  metals  ? 

14.  Write  the  reaction  of  nitric  acid  and  that  of  sulphuric  acid  on 
aluminum,  assuming  that  nitric  oxide  is  evolved  in  the  first  case,  and 
hydrogen  gas  in  the  second. 

15.  Compare  reactions  [350]  and  [351],  and  point  out  the  differ- 
ent relations  of  the  radical  {^Al^"]  in  the  two  cases. 

16.  Explain  the  peculiar  relations  of  the  aluminic  salts  on  which 
their  use  as  mordants  depends. 

17.  Write  the  reaction  which  takes  place  when  sodic-carbonate  is 
added  to  a  solution  of  alum,  so  long  as  the  precipitate  first  formed  is 
redisBolved,  assuming  that  in  the  b.isic  aluminic  sulphate,  which  ro- 
mains  in  solution,  the  atomic  ratio  between  the  basic  and  acid  radi- 
cals (50,)  is  as  3  : 1. 

18.  What  are  the  relative  intrinsic  values  of  potassium-alom. 
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monium-alum,  and  crystallized  aluminic  sulphate,  taking  as  the  stand- 
ard the  quantity  of  normal  aluminic  hydrate  which  can  be  obtained 
from  each  V  On  what  does  the  preference  given  to  the  alums  as 
mordants  chiefly  rest  ? 

19.  Explain  and  illustrate  by  reactions  the  process  of  manufactur- 
ing alum  from  the  alum  shales,  and  also  from  pure  clay. 

20.  Illustrate  by  reactions  the  change  of  Alum-stone  into  alum 
in  the  manufacture  of  Boman  alum. 

21.  If  a  portion  of  the  water  obtained  in  the  analyses  of  Aluminite 
and  Paraluminite  is  water  of  constitution,  how  may  the  symbols  be 
written? 

22.  Write  the  reaction  of  plumbic  acetate  on  a  solution  of  alum, 
assuming  that  in  the  basic  acetate,  which  remains  in  solution,  the 
atomic  ratio  is  3  : 1. 

23.  What  are  the  two  chief  differences  between  the  chemical  rela- 
tions of  iron  and  aluminum  ?    Illustrate  the  differences  by  reactions. 

.  24.  Explain  and  illustrate  by  reactions  the  metbbd  of  manu&ctur- 
ing  sodic  aluminate.  By  what  test  could  you  determine  when  all 
the  soda  has  been  converted  into  sodic  aluminate  ?  Why  evaporate 
solution  in  vcunwf 

25.  Write  reaction  of  CO^  on  solution  of  sodic  aluminate,  and  ex- 
plain the  use  of  this  salt  as  a  mordant. 

26.  Analyze  reaction  [852]. 

27.  Show  how  Spinel  could  be  derived  from  a  tetrahydro-magne- 
sic  aluminate. 

28.  Write  the  reaction  by  which  aluminic  chloride  is  formed,  and 
show  that  the  Sp.  6r.  of  its  vapor  confirms  the  theory  of  its  consti- 
tution  generally  accepted. 

29.  Write  the  reaction  which  takes  place  when  a  solution  of  aln« 
minic  chloride  is  evaporated  to  dryness.  Consider  whether  the  pro- 
duet  formed  by  the  union  of  the  anhydrous  chloride  with  water  ought 
to  be  regarded  as  a  chemical  compound,  and,  if  so,  endeavor  to  rep- 
resent its  constitution  by  a  rational  symboL 

30.  Compare  the  reactions  of  ammonic  sulphide  on  an  aluminic 
and  on  a  ferric  salt,  and  explain  the  cause  of  the  difference. 

31.  In  what  order  would  yoa  classify  the  several  radicals  [i^t]'* 
regarding  their  electro-negatiye  relations  ? 
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Divisions  XIV.  to  XVI. 

859.  THE  PLATINUM  METALS.  — The  six  metals 
which  follow  aluminum  in  our  classification  (Table  II.)  are  al- 
ways found  in  the  native  state,  although  more  or  less  alloyed 
with  each  other.  ^  Platinum  Ore  "  is  found  in  several  coun- 
tries, but  at  least  nine  tenths  of  the  commercial  supplj  comes 
from  the  Ural.  It  is  everywhere  obtained  by  washing  alluvial 
material,  generally  in  small  rounded  metallic  grains,  although 
masses  of  considerable  size  are  occasionally  found.  The  follow- 
ing analyses  by  Deville  and  Debray  will  give  an  idea  of  its 
composition :  — 


Pt  Au  Ft         Ir  Kh  Td  Om  It-Om 

Choco                86.20  1.00  7.80  0.85  1.40  O.fiO  0.60  0.95  0.95 

California         85.50  0.80  6.75  1.05  1.00  0.60  1.40  1.10  2.95 

Oregon              51.45  0.85  4.30  0.40  0.65  0.15  2.15  37.30  3.00 

Anstralia          61.40  1.20  4.55  1.10  1.85  1.80  1.10  36.00  1.80 

Russia               76.40  0.40  11.70  4.30  0.30  1.40  4.10  0.50  1.40 

In  this  ore  the  grains  of  ^Native  Platinum,''  which  have  a  steel- 
gray  color,  are  always  more  or  less  mixed  with  those  of  a  dis- 
tinct mineral  species  called  ^^Iridosmine,*'^  which  have  usually 
a  lighter  color,  and  consist  chiefly  of  iridium  and  osmium,  al- 
loyed with  small  quantities  of  rhodium  and  ruthenium.  Hence 
from  the  above  analyses  the  amounts  of  iridosmine  (Ir-Os)  and 
sand  must  be  subtracted  in  order  to  obtain  the  composition  of 
native  platinum  proper. 

In  the  old  method  of  manufacturing  platinum,  the  ore  is 
treated  with  aqua-regia,  which  dissolves  the  platinum  and  the 
metals  directly  alloyed  with  it,  but  does  not  affect  the  irtdoa- 
mine,  the  titaniferous  iron,  and  other  rcRisting.minerals,  which 
are  frequently  mixed  with  the  "Native  Platinum.**  To  the  so- 
lution thus  obtained,  when  brought  into  suitable  condition,  am- 
monic  chloride  is  added,  which  precipitates  all  the  platinnm 
[17G]  as  ammonio-platinic  chloride.  This  precipitate,  when 
ignited,  leaves  the  metal  in  a  pulverulent  condition  (platinum 

1  Iridosminc  is  frequently  a^«ocinted  with  Cftlifomia  gold,  and  is  8epanit«d 
from  it  at  the  Afti^ay  Offices  in  considerable  quantities.  Being  heavier  than 
gold  it  sinks  to  the  bottom  of  the  crucible  when  the  metal  is  fused. 
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sponge),  which  ia  welded  into  k  compact  man  hy  heat  and 
pressure. 

In  the  new  method  of  Derille  and  Debray  the  platmum  is 
first  united  to  metallic  lead,  which,  as  it  does  not  alloy  with  iri- 
dosmine,  separates  the  platinum  fhmi  the  chief  impurities  in  the 
ore.  The  lead  is  subsequently  removed  by  cupellation,  and  the 
crude  platinum  purified  by  melting  it  in  a  crucible  of  lime  with 
a  powerful  oxyhydrogen  dame.  Indeed,  an  alloy  of  platinum 
with  a  small  amount  of  iridium  and  rhodium,  well  adapted  for 
chemical  vessels,  may  be  obtained  directly  from  the  ore  by  fus- 
ing it  with  the  same  flame  on  a  bed  of  lime,  using  a  small 
amount  of  lime  as  a  flux.  The  palladium  and  osmium  present 
are  thus  volatilized,  while  the  copper  and  iron  form  fusible  com- 
pounds* with  the  lime. 

From  the  ^  platinum  residues,"  as  they  are  termed,  the  a860> 
dated  metals  can  only  be  separated  by  refined  analytical  meth- 
ods, and  our  knowledge  of  the  chemical  relations  pf  these  rare 
elements  is  still  very  imperfect.  Necessarily,  therefore,  they 
must  occupy  a  very  subordinate  place  in  an  elementary  treatise, 
and  they  are  here,  as  elsewhere,  classed  together,  more  in  con- 
sequence of  their  intimate  association  in  nature  and  resemblances 
as  metals,  than  from  any  well-defined  chemical  relationship. 

360.  RUTHENIUM  (i2tt=  104.4)  is  a  white  metal,  very 
hai  and  brittle,  with  difficulty  fusible  before  the  oxyhydrogen 
blow-pipe.  «^.  Gr,  when  fused  11  to  11.4.  It  is  scarcely  at- 
tacked by  nitro-muriatic  acid,  but  it  is  easily  oxidized  when 
fused  with  potassic  hydrate  (especially  if  a  little  nitre  be  added), 
yielding  potassic  rutheniate,  which  forms  with  water  an  orange- 
colored  solution.  The  pulverized  metal  heated  in  a  current  of 
air  rapidly  absorbs  oxygen,  and  the  oxides  cannot  be  reduced 
by  heat  alone. 

Five  oxides  are  known,  —  First,  Su  0,  which  has  a  dark- 
gray  color  and  metallic  lustre.  It  is  not  acted  on  by  acids,  but 
is  reduced  by  hydrogen  at  the  ordinary  temperature.  Secondly, 
Bu^Os  ,which  is  the  product  when  the  metal  is  oxidized  by  the 
air.  It  has  a  deep-blue  color,  is  also  insoluble  in  acids,  and  is 
reduced  by  hydrogen,  but  only  at  a  higher  temperature.  The 
corresponding  hydrate,  [i^M^jlj^o^  which  dissolves  with  yellow 
color  in  acids,  but  is  insoluble  in  water  or  alkalies,  is  also  known. 
Thirdly,  BuO^  which  is  a  dark,  greenish-blue  powder,  and  the 
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bjdnte  RuiHi>^  which  duBolTes  both  in  ftcidi  and 
Foanblr,  RuO^  which  is  the  Ueomed  aohjdnde  of  the  jcflov 
rutheiuate,  fcirmed  when  the  metal  is  ignited  with  a  mixtnre  of 
yASMsic  h jdimte  with  potjkscic  nitnte  or  chlonte.  This  char- 
act^nistic  oomponnd  is  deoomposed,  like  polaasic  manganate,  bj 
acids  and  eren  bj  organic  substances.  Lastlj,  Ru  O^  whidi  k 
a  very  volatile  gc^deih-jellow  crystalline  solid,  melting  at  58* 
and  boiling  ai  aboat  100'. 

Batheniiun  forms  three  chlorides :  Ru  O^  whidi  is  kiiown  both 
aft  an  insoluble  black  crystalline  powder  aiMl  as  forming  a  fine 
blue  6olutioo ;  [^Vt]  Cl^  which  fonns  jellow  solutions  and  soln- 
ble  compounds  with  the  alkaline  chlorides,  as  [^tf^]  C4 .  AKCl; 
lastly,  RuCl^  known  only  in  ita  double  salts,  RuCl^  .  2IlCI 
and  JiuCl^.2{XH^) CL,  which,  like  the  corresponding  plmtinnm 
salt,  crystallizes  in  octahedrons  (366),  but  appears  to  be  dismor- 
pbou«,  as  it  forms  under  certain  conditions  hexagonal  prisma. 

When  H^S  is  passed  through  a  solution  of  the  yellow  chh^ 
ride,  it  partly  precipitates  the  ruthenium  as  a  sulphide,  bat  at 
the  Fame  time  it  partially  reduces  \_Ru^CX^  to  RuCl^  which 
gives  to  the  supernatant  liquid  a  fine  azure-bloe  color.  Zino 
effects  the  same  reduction,  and  this  reaction  is  very  delicate  and 
characteristic. 

361.  OSMIUM  (Of  =  199.2).  — In  the  most  compact  con- 
dition in  which  this  metal  has  been  obtained,  it  has  <^.  Gr,  = 
21.4,  and  a  bluish  tinge  of  color  resembling  that  of  zinc     It 
has  never  been  fused,  but  it  slowly  volatilizes  at  the  tempera- 
ture  at  which  ruthenium  and  iridium  melt.     When  finely  di- 
vided, it  iri  oxidized  by  nitric  acid,  but  in  its  more  compact  state 
it  resists  even  aqua-regia.     When  heated  in  a  current  of  air,  it 
oxidizes  much  more  readily  than  ruthenium,  passing  at  once  to 
the  highest  degree  of  oxidation,  Of  O4,  and  forming  a  volatile 
compound  resembling  Ru  O4.     Indeed,  when  in  powder,  osmium 
is  very  combustible,  and  even  when  compact  it  takes  fire  at  a 
temf>erature  scarcely  excee<ling  the  melting-point  of  zinc,  and 
its  strong  tendency  to  form  this  volatile  oxide  is  the  most  striking 
character  of  the  element     Its  oxides  and  chlorides  coirespood 
almost  precisely  both  in  composition  and  chemical  relations  to 
those  of  ruthenium.     The  three  lower  oxides  all  form  hydrateii 
but  liave  no  well-marked  basic  character.     Osmic  anhvdride, 
OsO^  is  imknown,  but  potassic  osmate,  K^O^OtO^  •  %Sfy 
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can  easily  be  obtained  in  large  rose-colored  octahedrons.  The 
volatile  oxide,  OSO4,  just  referred  to,  forms  colorless  acicular 
crystals,  which  are  very  fusible  and  freely  soluble  in  water.  It 
boils  at  about  100^,  emitting  an  extremely  irritating  and  delete- 
rious vapor,  whose  pungent  odor,  resembling  that  of  chlorine,  is 
very  characteristic.  When  pulverized  osmium  is  heated  in  per- 
fectly dry  chlorine  gas,  there  is  first  formed  a  blue-black  subli- 
mate of  Os  Cl^  and  afterwards  a  red  sublimate  of  0$  Cl^.  Os- 
mious  chloride  gives  a  dark  violet-blue  solution,  while  osmic 
chloride  gives  a  yellow  solution ;  and  when  exposed  to  the  air, 
the  first  rapidly  changes  to  the  last.  By  the  action  of  reducing 
agents  the  change  may  be  reversed.  All  the  chlorides  of  osmium 
form  double  salts  with  the  alkaline  chlorides.  The  most  inter- 
esting are  the  compounds  corresponding  to  potassio-platinic  chlo- 
ride, Os  Cl^ .  2KCI,  which  forms  beautiful  red  octahedral  crys- 
tals, sparingly  soluble  in  water,  and  [O^JC/^  .  QKCl .  ^H^O^ 
which  resembles  a  characteristic  Rhodium  compound  mentioned 
below. 

362.  RHODIUM  {Rh  =  104.4)  is  a  very  hard  grayish- 
white  metal,  barely  fusible  in  an  ozyhydrogen  fiame.  Sp,  Gr, 
after  fusion  12.1.  It  is  imperfectly  malleable,  but  when  alloyed 
with  platinum  may  be  easily  worked.  The  pure  metal  is  insol- 
uble in  acids,  although  when  alloyed,  in  not  too  large  quantity, 
with  platinum,  copper,  bismuth,  or  lead,  it  dissolves  with  them 
in  aqua-regia.  Although  unalterable  in  the  air,  rhodium  com- 
bines both  with  oxygen  and  chlorine  at  a  red  heat.  It  is  read- 
ily oxidized  by  fusion  with  nitre  or  peroxide  of  barium.  Fused 
with  potassic  bisulphate,  it  is  converted  into  soluble  rhodio-po- 
tassic  sulphate,  and  when  heated  with  sodic  or  basic  chlorides 
in  a  current  of  chlorine  gas,  it  yields  various  double  salts,  which 
are  likewise  easily  soluble. 

Although  several  oxides  of  rhodium  have  been  distinguished, 
the  only  one  which  as  yet  has  been  well  defined  is  Rh^O^  Rho- 
dic  Oxide,  and  this  compound  evidently  marks  the  prevailing 
quantivalence  of  the  element  In  this  condition  rhodium,  un- 
like the  elements  with  which  it  is  associated,  appears  to  be  a 
well-marked  basic  radical,  forming  stable  salts  with  several  of 
the  acids.     Thus  we  have 

Rhodic  Hydrate  [/?^ J 1  O^H^ 

Rhodic  Acetate  [-R^]SO«l(C;fliO)« .  5^7,0, 
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Bhodic  Nitrate  [5AJiOei(-yO0f  •  *^aO, 

Bhodic  Sulphite  [i?A,]  1 0^llSO)s  .  eff^  O, 

Rhodic  Sulphate  [JZAjjiOelC^O,),  .  12i%0» 

Potassio-rhodic  Sulphate  ^[i2*2]«"^'*('SO^e- 

In  like  manner  the  only  well-defined  compound  of  rhodium 
and  chlorine  is  [JKAgjiCi,  a  brownish-red,  indifferent  body,  in* 
soluble  in  all  acidd  and  alkalies.  A  solution  of  the  chloride  may 
be  obtained  bj  dissolving  B^O^  in  hydrochloric  acid,  and  from 
this  several  well-crystallized  soluble  double  chlorides  may  be 
prepared,  as 

Potassio-rhodic  Chloride  [i?^,]  CU  •  6^^? .  e/T,  O, 

Sodio-rhodic  Chloride  [i?^J  Ok  •  Q^aCl .  2AJI^O. 

They  all  have  a  ruby  or  rose  color,  whence  the  metal  takes  its 
name,  from  p6doif,  a  rose. 

863.  IRIDIUM  (/r=196)i8  a  very  hard,  Vhite,  brittle 
metaL  Though  even  less  fusible  than  rhodium,  it  has  been 
melted  on  lime  with  the  oxyhydrogen  fiame  and  by  the  voltaic 
arc  Sp»  Gr.  after  fbsion  21.15.  The  pure  metal  is  not  acted 
on  by  any  acid,  but  when  alloyed  with  platinum  it  dissolves  in 
aqua-regia.  It  may  also  be  rendered  soluble  by  fusion  witb  al- 
kaline reagents,  under  the  same  conditions  as  rhodium.  Unless 
in  very  fine  powder  it  does  not  oxidize  when  heated  in  the  air. 
It  forms  two  principal  oxides,  TtjOs  <^d  IrO^tJidi  the  corre- 
sponding hydrates  are  readily  obtained.  The  hydrates  dissolve 
in  acids,  but  do  not  form  definite  oxygen  salts  unless  associated 
with  other  basic  radicals.  There  are  also  chlorides  corresponding 
to  the  oxides,  which  form  crystalline  double  salts  with  the  alka- 
line chlorides,  closely  resembling  the  similar  compounds  already 
described.     Thus  we  have 

Potassio-iridous  Chloride        [/rj  Ck  .  ^KCl .  6i^,0, 
Sodio-iridous  Chloride  [/r  J  Ck  .  6iVa  CI .  24Jy,  O, 

which  contain  the  radical  [Jrji,  and  also 

Potassio-iridic  Chloride  IrCk  .  SJTCT, 

Sodio-iridic  Chloride  Ir  Ck  •  2^^^  CI .  %H^  O, 

which  contain  the  radical  Ls  the  last  dass  being  less  soluble 
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than  the  first.  Most  of  the  compounds  of  iridium  have  a  strong 
coloring  power,  those  containing  the  radical  [irjl  giving  in  gen- 
eral green,  and  those  containing  the  radical  /ri  red  solutions. 
The  iridic  compounds  are  the  most  stable,  but  under  the  action 
of  reducing  or  oxidizing  agents  one  condition  of  the  element 
readily  passes  into  the  other,  and  the  changes  of  color  which 
then  take  place,  giving  under  different  conditions  beautiful 
shades  of  purple,  violet,  and  blue,  are  very  striking  and  char* 
acteristic.  Hence  the  name  Iridium,  from  m>,  the  rainbow. 
Under  certain  circumstances  this  element  appears  to  manifest 
still  other  degrees  of  quanti valence,  and  compounds  containing 
both  /t^  and  Jri  have  been  distinguished,  the  last  acting  as  an 
acid  radical  in  the  product  obtained  by  fusing  iridium  with  nitre, 
which  gives,  with  water,  a  deep  blue  solution,  and  is  supposed  to 
contain  the  compound  K^0^1rO^\  but  oar  knowledge  on  this 
subject  is  -still  very  imperfect. 

364.  PALLADIUM  (Prf=  106.6).  Sp.  Gr.  =  11.4.— 
This  brilliant  white  metal  resembles  platinum  more  closely  than 
either  of  its  associates.  Although  best  known  as  a  subordinate 
constituent  of  platinum  ore,  it  has  also  been  found  (in  Brazil) 
native,  in  masses  of  considerable  size.  It  is  harder  than  plat* 
inum,  has  less  tenacity,  and  is  not  so  ductile;  but,  nevertheless^ 
it  can  be  wrought  with  facility.  It  cannot  be  fused  in  an  ordn 
Tiary  wind-furnace,  but  before  the  compound  blow-pipe  it  melta 
more  readily  than  platinum,  and  if  heated  on  lime  is  slowly 
volatilized,  giving  off  a  green  vapor.  Like  the  noble  metals^ 
its  oxides  and  chlorides  are  reduced  by  heat  alone.  Yet 
when  exposed  to  the  air  at  a  low  red  heat  its  surface  be- 
comes covered  with  an  iridescent  film  of  oxide,  which  is  dis- 
persed, however,  at  a  higher  temperature.  Palladium  is  acted 
on  by  chemical  agents  more  readily  than  platinum.  Though 
only  slightly  attacked  by  pure  hydrochloric  or  sulphuric  acids, 
it  dissolves  readily  in  nitric  acid,  and  also  in  aqua-regia,  or  in 
sulphuric  acid  when  mixed  with  a  small  amount  of  nitric  acid. 
It  is  also  rendered  soluble  by  fusion  with  alkaline  reagents^  un« 
der  the  same  conditions  as  the  preceding  metals. 

Palladium  differs  from  the  associated  elements  very  markedly 
in  that  it  affects  most  readily  the  condition  of  a  bivalent  positive 
radical.  Thus  we  easily  obtain,  by  dissolving  the  metal  in  the- 
respective  acids,  the  two  following cxystalline  salts:— 
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PalladiouB  Nitrate     (Brown)  Pd-Of(NO^)^ 

Palladious  Sulphate       "  Pd-O^^SO^ .  2H^O. 

The  corresponding  hydrate  is  precipitated  by  sodic  carbonate 
from  solutions  of  either  of  these  salts  as  a  dark  brown  powden 
The  oxide  PdO,  a  black  powder,  is  obtained  by  heating  the  ni- 
trate to  dull  redness.  The  chloride  PdCI^  forms  brown  hydrous 
crystals,  when  a  solution  of  the  metal  in  aqua-regia  is  evapo- 
rated to  dryness,  and  by  uniting  with  other  chlorides  yields 
definite  crystalline  salts,  as,  for  example,  PdCl^  .  2KCly  which 
is  easily  obtained  in  dull  yellow  prismatic  crystals. 

Palladium  also  forms  another  class  of  compounds  in  which 
its  atoms  aro  quadrivalent;  but  these  aro  all  very  unstable. 
The  chloride  PdCl^  has  never  been  isolated,  but  the  compotind 
PdCl^  .  2KCly  which  has  been  obtained  in  red  octahedral  crys- 
tals, attests  the  relationship  of  this  element  to  those  with  which 
it  is  classed. 

But  of  all  the  characteristics  of  palladium  the  most  notewor- 
thy is  the  power  which  the  metal  possesses  of  absorbing  hydro- 
gen gas.  It  appears  from  the  recent  experiments  of  Professor 
Graham  that,  in  the  condition  in  which  it  is  deposited  by  elec- 
trolysis, this  metal  will  absorb  or  "occlude"  nearly  1,000  times 
its  volume  of  hydrogen,  which  amounts  to  about  three  fourths 
of  one  per  cent  of  its  weight,  and  in  other  conditions  of  the 
metal  the  power  of  absorption  is  very  great,  although  not  so 
large.  The  same  phenomenon  to  a  less  degree  has  also  been 
observed  with  platinum  and  iron,  and  considerable  amounts  of 
"  occluded  "  hydrogen  have  been  discovered  in  some  of  the  me- 
teors. The  gas  thus  taken  up  by  these  metals  is  not  simply 
mechanically  condensed,  as  when  absorbed  by  charcoal,  but  ap- 
pears to  be  in  a  state  of  partial  chemical  combination  like  that 
of  a  solution  or  an  alloy ;  for  we  find  that,  while  the  hydrogen 
is  easily  expelled  by  heat,  it  shows  no  tendency  to  escape  into 
a  vacuum.  The  gas,  however,  readily  passes  through  a  heated 
palladium  or  platinum  plate  by  an  action  similar  to  dialysis  (57), 
and  these  metals  seem  to  partake  more  or  less  of  a  colloidal 
condition.  By  a  similar  action  carbonic  oxide  passes  through 
the  iron  walls  of  furnaces,  and  this  class  of  phenomena,  when 
further  investigated,  will  undoubtedly  be  found  to  be  quite 
generaL 
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When  a  mass  of  palladium,  charged  as  above  described,  is 
exposed  to  the  air,  it  sometimes  becomes  suddenly  heated  from 
the  oxidation  of  the  hydrogen  it  contains,  and  the  well-known 
power  of  platinum,  especially  when  finely  divided,  as  in  the 
condition  of  sponge  or  the  so-called  platinum  blacky  to  determine 
the  union  of  hydrogen  and  oxygen,  and  even  to  ignite  a  hydro- 
gen jet,  together  with  a  large  class  of  similar  effects,  may  be 
explained  on  the  same  principle. 

365.  Hydrogenium,  —  The  quantity  of  hydrogen  "  occluded" 
by  palladium  amounts  to  nearly  one  equivalent  for  each  equiv- 
alent of  the  metal,  and  produces  a  marked  change  in  its  physical 
qualities.  The  volume  of  the  metal  is  increased,  its  tenacity 
and  conducting  power  for  electricity  diminished,  and  it  acquires 
a  slight  susceptibility  to  magnetism,  which  the  pure  metal  does 
not  possess.  From  these  facts  Professor  Graham  infers  that 
the  metal  charged  with  gas  is  an  alloy  of  palladium  and  metallic 
hydrogen,  which  he  prefers  to  call  kydrogenium,  and  it  would 
appear  that  in  this  remarkable  product  the  anticipations  of 
chemists  in  regard  to  the  metallic  condition  of  hydrogen  have 
been  realized.  If  this  inference  is  correct,  and  if,  as  is  gener- 
ally the  case,  the  volume  of  the  alloy  is  equal  to  the  sum  of  the 
volumes  of  the  two  metals,  then  the  Sp,  Gr.  of  hydrogenium 
(deduced  from  that  of  the  alloy)  must  be  about  2.  The  chem- 
ical qualities  of  this  alloy  are  very  remarkable.  It  precipitates 
mercury  from  a  solution  of  its  chloride,  and  in  general  acts  as  a 
strong  reducing  agent.  Exposed  to  the  action  of  chlorine,  bro- 
mine, or  iodine,  the  hydrogen  leaves  the  palladium  and  enters 
into  direct  union  with  these  elements.  Moreover,  from  a  pal- 
ladium wire  charged  with  the  gas,  and  covered  with  calcined 
magnesia  (to  render  the  flame  luminous),  the  hydrogen  burns, 
when  lighted  by  a  lamp,  like  oil  from  a  wick.  So  far,  there- 
fore, as  its  chemical  activities  are  concerned,  hydrogenium  bears 
somewhat  the  same  relation  to  hydrogen  gas  that  ozone  bears 
to  ordinary  oxygen.  Palladium  plate  or  wire  is  most  readily 
charged  with  hydrogen  by  omking  it  the  negative  pole  of  a  gal- 
vanic battery  in  the  process  of  electrolyzing  water.     (Fig.  84.) 

366.  PLATINUM.  Pt  =  197.4  Sp.  Gr.  =  21.5.  —  The 
extended  use  of  this  metal  in  practical  chemistry  has  made  its 
appearance  familiar  to  every  student  of  the  science.  Platinum 
utensils  have  been  of  inestimable  value  in  chemical  investiga^ 
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tions,  on  account  of  the  infusibility  of  the  metal,  and  its  won- 
der ful  power  of  resisting  chemical  agents.  It  not  only  does  npt 
oxidize  when  heated  in  the  air,  but  none  of  the  acids  singly  act 
upon  it,  and  even  aqua-regia  dissolves  if  but  slowly.  The  metal 
is  corroded  when  heated  to  redness  in  contact  with  the  causUo 
alkalies  or  alkaline  earths,  especially  the  hydrates  of  lithium  or 
barium,  but  the  alkaUne  chlorides,  carbonates,  or  sulphates  may 
be  fused  in  platinum  crucibles  without  injuring  them.  Dry  chlo- 
rine has  no  action  on  the  metal  at  any  temperature,  and  both  the 
oxides  and  the  chlorides  are  reduced  by  heat  alone.  Platinum, 
however,  readily  alloys  with  several  of  the  other  metals,  and  care 
must  be  taken  to  conduct  no  operations  in  platinum  vessels  by 
which  a  fusible  metal  may  be  reduced.  Phosphorus  and  sulphur 
abo  act  on  platinum  to  a  limited  extent. 

Platinum  is  very  ductile  and  malleable,  and  two  pieces  of  the 
metal  may  be  welded  together  at  a  white  heat,  although  to  melt 
it  the  temperature  of  the  oxyhydrogen  flame  is  required* 
Melted  platinum  absorbs  oxygen  from  the  air,  and,  like  silver 
(140),  spits  if  suddenly  cooled.  The  same  phenomenon  has 
been  observed  with  palladium  and  rhodium. 

Platinum  affects  the  condition  both  of  a  bivalent  and  a  quad- 
rivalent radical,  but  its  affinities  are  at  best  very  feeble.  When 
dissolved  in  aqua-regia  the  product  first  formed  is  probably 
PtCl^ .  2HCI,  and  from  this  solution  a  large  number  of  other 
compounds  of  the  same  type  are  easily  obtained,  and  these  are 
the  most  important  compounds  of  this  element.  We  have,  for 
example, 

Bario-platinic  Chloride  PiCl^.  BaCl^.  4/r,0, 

Magnesio-platinic  Chloride  PtCl^ ,  MgCl^.  QH^Of 

Sodio-platinic  Chloride  Pt  Cl^ .  2Na  CI .  QH^  O, 

Potassio-platinic  Chloride  PtCl^ .  2KCI, 

Ammonio-platinic  Chloride  Pt Cl^ .  2{NH;)  CI 

These  salts  have  all  a  characteristic  yellow  color  except  in  the 
few  cases  where  the  second  basic  radical,  having  itself  a  strong 
coloring  power,  modifies  the  result.  The  barium  and  sodium 
salts  crystallize  in  prisms.  The  magnesium  i>alt,  and  the  cor- 
responding compounds  of  cadmium,  zinc,  copper,  cobalt,  and 
manganese,  which  are  isomorphous  with  it,  crystallise  in  rlioiB» 
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bohedrons.  The  potassium  and  ammonium  salts  crystallize  in 
regular  octahedrons.  The  hjdrous  salts  are  all  soluble  in  water, 
but  the  last  two  are  nearly  insoluble  in  water,  and  wholly  insol- 
uble in  alcohoL  They,  therefore,  can  easily  be  obtained  by  pre- 
cipitation, and  on  this  fact  are  based  several  important  methods 
of  quantitative  analysis.  Moreover,  compounds  of  the  same 
general  type  may  be  formed  with  almost  all  the  organic  bases 
and  vegetable  alkaloids,  and  they  furnish  one  of  the  simplest 
means  of  determining  the  molecular  weight  of  such  substances 
(68). 

If  the  solution  of  platinum  in  aqua-regia  is  evaporated  over 
a  water-bath,  the  amorphous  brownish-red  residue  (soluble  both 
in  water  and  alcohol)  may  be  regarded  as  PtCl^;  but  if  the  tem- 
perature is  raised  to  200°  one  half  of  the  chlorine  escapes,  and 
the  insoluble  greenish-brown  solid  then  obtained  is  PtCl^  Plat- 
inous  chloride  is  not  acted  on  even  by  nitric  or  sulphuric  acids, 
but,  out  of  contact  with  the  air,  it  dissolves  unchanged  in  hydro- 
chloric acid,  although  platinic  chloride  is  formed  if  air  has  access 
to  the  solution.  It  also  combines  with  other  metallic  chlorides, 
forming  a  large  number  of  crystalline  salts,  as,  for  example, 

Ammonio-platinous  Chloride  PtCk  •  ^NH^)  CI, 

Potassio-platinous  Chloride  PtCl^  •  2KCU 

Argento-platinous  Chloride  PtCl^  .  2AgCly 

Zinco-platinous  Chloride  PtCl^  .  ZnCl^ 

Bario-platinous  Chloride  PtCl^.BaCl^.  3i3i 0. 

These  salts  are  all  readily  preparea  from  the  hydrochloric  acid 
solution  (PtCl^.  2HCI  -j-  Aq)y  and  are  generally  distinguished 
by  a  red  color. 

367.  Platinous  ffydrateSy  Pt*Ho^  which  is  obtained  as  a  black 
powder  by  digesting  platinous  chloride  with  a  solution  of  caustic 
potash,  dissolves  both  in  alkalies  and  acids,  but  the  compounds 
thus  formed  are  very  unstable.  Platinous  nitrite  and  sulphite, 
however,  form  crystallizable  double  salts  with  several  of  the 
more  basic  radicals.  Platinic  Hydrate, %/^§Zro4,  prepared  indi- 
rectly from  platinic  chloride,  is  also  soluble  both  in  acids  and 
alkalies.  The  compounds  thus  formed  are  all  unstable,  those 
in  which  the  element  acts  as  an  acid  radical  being  the  more 
definite.    Platinic  sulphate  and  platinic  nitrate,  although  they 
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have  not  been  crystallized,  are  easily  obtained  in  solatioo,  tlM 
sulphate  by  evaporating  a  solution  of  the  chloride  with  sal 
phuric  acid,  the  nitrate  by  decomposing  the  sulphate  with  baii 
nitrate.  Lastly,  by  cautiously  heating  the  hydrates  we  cai 
obtain  the  corresponding  oxides,  but  if  the  temperature  exceed 
a  limited  degree  they  are  at  once  completely  reduced. 

By  acting  on  different  platinum  salts  with  ammonia,  a  re 
markable  class  of  compounds  have  been  obtained,  which  an 
best  regarded  as  salts  of  platinum  bases,  and  as  formed  by  tin 
coalescing  of  two  or  more  molecules  of  JB^  soldered  togethei 
by  atoms  of  Pt*  or  /^  although  they  probably  contain  in  aomi 
cases  more  complex  platinum  radicals.  Similar  compounds  have 
also  been  formed  with  palladium  and  iridium;  but,  althougl 
highly  interesting  subjects  of  study  on  account  of  their  manifolc 
types  and  complex  constitution,  this  new  class  of  ammonia  baaei 
illustrate  no  principles  not  already  fully  discussed,  and  for  i 
description  of  them  we  must  refer  to  more  extended  works. 


Questions  and  ProUems. 

1.  Calculate  the  percentage  composition  of  pladnom  ore,  j^ltmi 
nating  from  the  results  given  in  (359)  the  quantity  of  iridosoiine  an< 

sand  with  which  the  ore  is  mixed. 

< 

2.  Explain  the  old  method  of  working  platinum  ores,  and  iUostrat 
the  various  steps  in  the  process  by  reactions.  To  what  extent  ar 
the  associated  metals  precipitated  by  ammonic  chloride  ? 

8.  Point  out  the  relationship  between  the  platinum  metals  an 
iron.  Compare  also  these  elements  with  each  other,  and  considc 
especially  the  characteristics  distinguishing  the  three  groups  in! 
which  they  have  been  divided  in  Table  IL 

4.  By  what  characters  are  the  platinum  metals  as  a  class  chiefl 
marked  ?  Make  a  table  which  will  bring  into  comparison  the  di 
ferent  double  chlorides  of  these  elements. 

5.  Explain,  on  the  principle  of  dialysis,  the  transmission  of  hydit 
gen  gas  through  the  walls  of  a  heated  palladium  or  platinum  tabe. 

6.  Regarding  the  hydi^jgen  condensed  by  platinum  as  chemicall 
combined  with  the  metal,  cannot  you  find  in  this  circumstance  a 
explanation  of  the  enhanced  energy  of  the  gas  when  in  this  coiidi 
tion.  Consider  the  polarization  of  the  negative  platinum  plate  ia  i 
voltaic  cell  as  an  illustration  of  the  same  principler 
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7.  Show  in  what  way  the  pktinic  salts  may  be  used  to  determine 
the  molecular  weight  of  an  oiganic  base,  and  give  an  illustration  of 
the  principle. 

8.  Write  the  reactions  by  which  platinic  sulphate  and  nitrate  may 
be  prepared. 

9.  Write  the  reaction  of  a  solution  of  platinic  chloride  on  a  solu- 
tion of  potassic  nitrate.    Platinic  nitrate  is  one  of  the  products. 

10.  Write  the  reaction  of  sodic  carbonate  on  a  solution  of  platinic 
sulphate,  assuming  that  the  chief  product  is  platinic  hydrate. 

11.  Write  the  reactions  by  which  platinous  hydrate  may  be  pre- 
pared. 

12.  When' platinous  chloride  dissolves  in  hydrochloric  acid  in  con- 
tact with  the  air,  what  is  the  reaction  ? 

13.  Make  a  scheme  illustrating  the  constitution  or  relations  of  the 
more  important  compounds  of  the  platinum  bases. 

14.  Explain  a  method  of  separatmg  the  platinum  metals  from 
each  other. 
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Divmans  XVJUL.  to  XIX. 

868.  TITANIUM.  TV  =  50.— Tetrad.  No  oompoandB 
corresponding  to  a  lower  degree  of  quantivalence  are  with  cer- 
tainty known.  A  comparatively  rare  element,  but  not  unfre- 
quently  associated  with  iron.  The  most  abundant  native  com- 
pound is  Menaccanite  or  Titaniferous  Iron,  whose  symbol  has 
already  been  given  amobg  the  iron  ores.  This  mineral,  bow- 
ever,  is  in  most  cases  an  isomorphous  mixture  of  ( Ti-Fe)  O^ 
and  Fe^O^^  sometimes  containing  also  magnesium  and  mangap 
nese,  and  thus  arise  the  numerous  varieties  which  have  heea 
distinguished.     The  other  important  compounds  are 

Rutile,  Brookite,  and  Octahedrite  (2d  or  4th  System)  TiO^ 

Perofskite  (Rhombohedral)  Ca = O,-  Ti  O, 

Sphene  (Monoclinic)  ( Ca  -  OTi)  i  O^^Si. 

Titanium  is  also  associated  with  columbium,  tantalum,  cerium^ 
yttrium,  and  zirconium  in  a  number  of  rare  minerals. 

3G9.  Metallic  Titanium  has  never  been  obtained  as  a  mas- 
sive metal,  and  its  properties  are  very  imperfectly  known.  Aa 
formed  by  decomposing  the  potassio-titanic  fluoride  with  potas- 
sium it  is  a  dark-green  powder,  showing  under  the  microscope 
the  color  and  lustre  of  iron.  In  this  condition  it  is  very  com- 
bustible, readily  dissolves  in  hydrochloric  acid,  and  even  decom- 
poses watei"  at  the  boiling-point. 

370.  Titanic  Chloride,  TV  C/4,  is  obtained  by  passing  chlorine 
gas  throufih  an  intimate  mixture  of  titanic  oxide  and  carbon  in- 
tensely heated.  It  is  a  heavy,  colorless  liquid,  boiling  at  135% 
and  yielding  a  vapor  whose  Sp.  Gr.  =  98.G5.  £xpo>ed  to  the 
air  it  absorbs  moisture,  and  gradually  solidifies,  forming  a  crys- 
talline hydrate  which  readily  dissolves  in  water.  From  this 
solution,  if  sufficiently  dilute,  almost  the  whole  of  the  titanium 
is  precipitated  as  a  hydrate  on  boiling,  and  the  same  is  true  of 
the  solution  formed  by  dissolving  the  native  oxides  (after  fusion 
with  an  alkaline  carbonate)  in  hydrochloric  acid. 

371.  Titanous  Chloride,  Ti^Cl^j  is  formed  by  passing  a  mix- 
ture of  ^10)4  and  3S-III  through  a  red-hot  porcelain  tube.  The 
compound  is  thus  obtained  in  dark  violet  scales,  which  readilj 
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diasolve  in  water  forming  a  violet  solution,  bat  in  contact  with 
the  air  this  solation  graduallj  loses  its  color  and  deposits  titanic 
hydrate.  The  same  color  is  produced  by  boiling  with  tin  a  so^ 
lution  of  titanic  oxide  in  hydrochloric  add,  and  this  reaction  is 
the  best  test  for  titanium.  The  solution  of  titanous  chloride  is 
a  very  powerful  reducing  agent,  which  indicates  that  the  radical 
[  TVj]!  is  not  a  stable  condition  of  the  element. 

372.  Titanic  Bromide,  and  Iodide^  7\Br^  and  7X1^,  are  fusi- 
ble and  volatile  crystalline  solids. 

373.  Titanic  Fluoride,  TiF^,  is  a  fuming,  colorless  liquid, 
obtained  by  distilling  a  mixture  of  fluor-spar  and  titanic  oxide 
with  sulphuric  acid.  This  compound  is  resolved  by  water  into 
soluble  hydro-titanic  fluoride  and  insoluble  titanic  oxyfluoride. 

374.  HydroAitcmic  Fluoride,  TiF^ .  2IIF,  is  the  acid  of  a 
large  class  of  salts  which  are  easily  made  from  the  solution  pro- 
duced as  just  stated.  The  ammonium  and  potassium  salts, 
which  are  the  most  important,  both  crystallize  in  white  anhy- 
drous scales. 

375.  Titanic  Hydrates.  —  A  large  number  of  these  hydrates 
have  been  distinguished,  and  they  affect  two  very  different  mod- 
ifications. Those  obtained  by  precipitation  with  ammonia  read- 
ily dissolve  in  acids,  and  when  heated  are  converted  into  the 
anhydride  with  vivid  incandescence.  Those  obtained  by  boil- 
ing dilute  solutions  of  the  chloride  or  sulphate  are  insoluble  in 
all  acids  except  strong  sulphuric  They  give  off  water  more 
readily  than  the  others,  and  the  dehydration  is  not  attended  by 
the  same  incandescence.  The  composition  of  these  hydrates 
depends  on  the  temperature  at  which  they  are  dined,  and  they 
may  be  regarded  as  derived  from  the  normal  hydrate  by  the 
method  repeatedly  illustrated  and  expressed  by  the  general 
equation 

n  TiHo^  —  mH^  0=(0^  Ti^)So^  -  >».  [353] 

The  two  modifications  have  been  obtained  in  the  same  degrees  of 
hydration,  and,  so  far  as  known,  they  are  isomeric.  Moreover, 
by  dialysis  a  pure  aqueous  solution  of  titanic  hydrate  has  been 
procured,  which  gelatinizes  when  concentrated,  and  evidently 
contains  the  compound  in  a  colloidal  condition. 

376.  Titanic  Oxide,  THOf,  is  chiefly  interesting  from  the 
fact  that  it  affects  three  different  modifications,  which  are  rep- 
resented in  nature  by  the  minerab  Rutile,  Brookite,  and  Octa- 
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hedrite.  These  three  isomeric  bodies  differ  from  each  other  in 
crystalline  form,  in  density,  and  in  hardness.  Butile,  the  most 
abundant,  has  the  greatest  hardness  and  density.  Its  crystals 
are  tetragonal  and  isomorphous  with  those  of  Sn  Of,  Brookilei 
which  stands  next  in  hardness  and  density,  affects  forms  of  the 
orthorbombic  system,  which  are  approximately  isomorphous  with 
those  of  MnOf.  Lastly,  Octahedrite  is  softer  and  less  dense 
than  either  of  the  others,  and  its  crystals,  although  tetragonal, 
differ  essentially  from  those  of  Rutile.  (Problem  2,  page  144.) 
The  siime  differences  have  been  observed  in  crystals  obtain^ 
artificially  by  decomposing  TiF^  or  TiOl^  with  steam,  and  it  is 
found  that  the  nature  of  the  product  dcpeuds  on  the  temperature 
at  which  the  reaction  takes  place,  the  hardest  and  most  dense 
crystals  being  formed  at  the  highest  temperature. 

In  its  densest  condition  titanic  oxide  has  a  red  color,  and  is 
insoluble  in  all  acids ;  but  the  white  anhydride,  obtained  by  ig- 
niting titanic  hydrate,  is  converted  into  a  sulphate  when  heated 
with  strong  sulphuric  acid,  and  may  then  be  dissolved  in  water* 
The  native  oxides,  also,  may  be  rendered  soluble  by  fusion  with 
alkaline  carbonates  or  bisulphates.  It  melts  before  the  com* 
pound  blow-pipe. 

877.  Tttanous  Oxide^  ^^O^  is  obtained  as  a  black  powder 
when  a  stream  of  hydrogen  is  passed  over  ignited  TV  Of  It 
dissolves  in  sulphuric  acid,  forming  a  violet  solution,  from  which 
the  alkalies  precipitate  a  brown  hydrate.  A  similar  reduction 
takes  place,  and  the  same  violet  color  is  produced,  when  7VO,  is 
dissolved  in  fused  borax  or  microcosmic  salt,  and  the  bead 
heated  before  the  blow-pipe  on  charcoal  in  contact  with  a  snudl 
globule  of  tin. 

378.  Titanic  Sulphide,  TiSf^  is  formed  in  large,  brass-yellow, 
lustrous  scales  when  a  mixture  of  ^SL^  and  ^i^\^  is  passed 
through  a  glass  tube  heated  to  incipient  redness.  It  is  decom- 
posed by  water,  and  cannot,  therefore,  be  obtained  by  precipi- 
tation. 

379.  Nitrides,  —  Titanium  has  a  marked  affinity  for  nitro- 
gen, and  combmes  with  it  in  several  proportions.  When  dry 
ammonia  gas  is  passed  over  TiCl^  it  is  rapidly  absorbed  with 
great  elevation  of  temperature,  and  the  resulting  brown-red 
powder  has  the  symbol  {JHj^^I^ysC/^,  This  compound,  heated 
in  a  stream  of  ammonia  gas,  yields  a  copper-colored  substance^ 
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which  is  the  Ditride  ^V^>  &nd  this,  when  further  heated  in  a 
current  of  hydrogen,  is  converted  into  a  second  nitride  (  TV^^?) 
having  a  golden-yellow  color  and  metallic  lustre.  A  third  vio- 
let-colored nitride  has  the  symbol  TiN^  Lastly,  the  very  hard 
copper-colored  cubic  crystals  sometimes  found  adhering  to  the 
slags  of  iron-furnaces,  and  formerly  mistaken  for  metallic  tita- 
nium, have  the  composition  expressed  by  the  symbol  Ti\CN^. 

380.  TIN.  Sn=zl  18.  —  BivalerU  and  Quadrivalent  The 
last  is  tlie  most  stable  condition.  The  only  valuable  ore  of  tin 
is  the  oxide  SnO^  called  in  mineralogy  Cassiterite  or  Tin 
Stone,  and  this  is  found  at  but  few  localities,  chiefly  in  Corn- 
wall, Malacca,  Bolivia,  Australia,  Bohemia,  and  Saxony.  This 
element  is  also  an  essential  constituent  of  Tin  Pyrites  [Z/?,jF'<?], 
\_Cu^S^Sny  and  is  associated  with  columbium,  titanium,  zir- 
conium, &c.,  in  a  few  rare  minerals,  but  its  range  in  nature,  so 
far  as  known,  is  yfery  limited. 

The  metal  is  obtained  by  reducing  the  native  oxide  with  coal; 
but,  although  in  theory  so  simple,  this  process  is  in  practice  quite 
complicated.  The  ore  requires,  previous  to  smelting,  a  pro- 
longed mechanical  treatment,  and  in  the  furnace  a  large  amount 
of  metal  passes  into  the  slags,  which  therefore  have  to  be  worked 
over. 

381.  Metallic  Tin  has  a  familiar  white  color  and  bright  lustre* 
It  has  a  crystalline  structure,  and  the  breaking  of  the  crystals 
against  each  other,  when  a  bar  of  the  metal  is  bent,  produces 
the  peculiar  sound  known  as  the  cry  of  tin.  By  slowly  cooling 
the  fused  metal  distinct  crystals  can  be  obtained,  which  belong 
to  the  tetragonal  system.  The  tenacity  of  tin  is  feeble,  but  it 
can  readily  be  rolled  and  beaten  into  thin  leaves,  which  are 
well  known  imder  the  name  of  tin-foil.  Sp.  Gr,  =  7.3.  Melts 
at  222°.  Boils  at  a  white  heat.  Inferior  conductor  of  heat  or 
electricity.  • 

Tin  does  not  tarnish  in  a  moist  atmosphere  which  is  free 
from  sulphur,  but  when  melted  in  the  air  it  slowly  oxidizes,  and 
at  a  red  heat  decomposes  steam.  Hydrochloric  acid  dissolves 
the  metal  rapidly,  the  products  being  stannous  chloride  and  hy- 
drogen gas.  It  also  dissolves  slowly  when  boiled  with  dilute 
sulphuric  acid,  yielding  stannous  sulphate  and  liberating  hydro- 
gen as  before.  When  the  sulphuric  acid  is  concentrated,  SOf 
is  evolved  and  stannous  sulphate  formed  only  so  long  as  the  tia 
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uinezoeB.  If  tbeacid  b  id  exee«,nBlphiirfepsnrtesaDd  the 
product  is  ttannic  ralphate.  Yerj  rtrong  oitric  Jicid  do«*  mK 
act  on  the  metal,  bat  when  somewhat  dihited  it  eooverta  the 
tin  into  a  white  hydrate,  insoluble  in  an  ezces«  of  the  acid. 
Aqoa-regia,  if  not  too  concentrated,  dissolves  tin  as  rtaimie 
chloride,  and  the  alkaline  h  jdrates  and  nitrates  also  act  upoo  k 
at  a  high  temperature. 

Tin  unites  directlj  with  mo«t  of  the  non-metallic  elementi^ 
and  forms  alloys  with  many  of  the  metals.  Tlie  alloys  with 
copper  have  already  been  mentioned.  Pewter  and  plambei's 
sjlder  are  alloys  of  tin  and  lead.  Britannia  metaL  an  alloy  of 
brass,  tin,  lead,  and  bismuth,  and  the  silvering  of  mirrors  aa 
amalgam  of  tin  and  mercury.  On  account  of  its  beautiful  lustre 
and  power  of  resisting  atmospheric  agents,  tin  is  much  used  for 
coating  other  metals.  The  common  tin  ware  is  made  of  aheel- 
iron  thus  protected. 

382.  Siannaus  Chloride.  Sn  Cl^  —  The  anhydrous  com- 
pound (butter  of  tin)  obtained  by  heating  mercuric  chloride 
with  an  excess  of  tin,  or  by  heating  the  metal  in  hydrochlorie 
acid  gas,  is  a  fusible  white  solid  with  a  fatty  lustre,  soluble  ia 
water  and  alcohol.  The  hydrous  salt  (tin  salts),  formed  by 
crystallizing  the  solution  of  tin  in  hydrochloric  acid,  has  the 
symbol  SnCl^.  2H^0.  The  pure  crystals  dissolve  perfectly  in 
a  small  amount  of  water,  free  from  air,  but  a  large  amount  of 
water  produces  a  partial  decomposition. 

{2SnCk  +  8^,0  4-  Aq)  = 

8n,OCl2 .  2H,0  +  {2Ha  -f  Aq).  [354] 

So,  also,  when  the  solution  is  exposed  to  the  air. 

(65hC4  +  AH^O  +  Aq)  +  ©=©  =  ^ 

2(Sn,OCI,  .  2H,0)  +  (25nC/4  -f  Aq).  [355] 

The  oxychloride,  which  is  milk  white  and  insoluble  (even  io 
dilute  acids),  renders  the  solution  in  both  cases  turbid.  Free 
hydrochloric  acid,  tartaric  acid,  and  sal  ammoniac  prevent  the 
decom[>o>ition.  Owing  to  the  unsatisfied  affinities  of  the  tin 
radical,  stannous  chloride  is  a  powerful  reducing  agent  (277), 
and  is  much  used  for  this  purpose  both  in  the  laboratory  and 
the  dye-house.  It  also  acts  as  a  mordant  Lastly,  it  fbnnt 
salts  with  several  of  the  metallic  chlorides. 
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Potassio-fitaunous  Cliloride       SnClt .  2KCI  .(1,2, or  3J%0), 
Bario-stannous  Chloride  SnOl^  •  BaOl2  .  Mlfi, 

383.  Stannic  Ohlaride,  SnCH^j  may  be  made  either  by  dis- 
tilling a  mixtare  of  tin  and  mercuric  chloride,  the  last  being  in 
excess,  or  by  heating  tin  in  chlorine  gas.  It  is  a  colorless,  fum- 
ing liquid,  boiling  at  115^,  and  yielding  a  vi^r  whose  Sp.  6r. 
=  132.7.  The  liquid,  exposed  to  the  air,  eagerly  absorbs  moist- 
ure, and  changes  into  a  crystalline  solid.  When  mixed  with 
water  intense  heat  is  evolved,  and  a  solution  formed  which  yields 
on  evaporation  rhombohedral  crystals  of  SnCl^.bH^O.  These 
crystals,  dried  in  vactto,  lose  3^0,  and  there  is  reason  to  be- 
lieve that  the  remaining  211^0  are  a  part  of  the  molecule  of  the 
salt  If  we  regard  the  atoms  of  chlorine  as  trivalent,  we  can 
easily  see  that  such  an  atomic  group  would  be  possible,  for  we 
might  then  have  the  univalent  radical  (H-Cl^Cl)  =  Hcl  re- 
placing Ho^  and  the  symbol  of  the  dried  salt  would  be  written 
Sn^Ho.i,Hcl^  The  same  principle  may  be  applied  in  other 
cases  where  the  violence  of  the  action  indicates  that  a  chemical 
union  has  taken  place  between  an  anhydrous  diloride  and  water. 
Such  bodies,  however,  may  also  be  regarded  as  chlorhydrines 
(349),  to  which  molecules  of  HCl  are  united  in  place  of  water 
of  crystallization.  Thus  the  symbol  of  the  hydrous  chloride  we 
have  been  discussing  might  be  written  Sn^CLgiHo^ .  2 HCL 

Although  stannic  chloride  forms  a  clear  solution  with  a  small 
amount  of  water,  copious  dilution  determines  the  precipitation 
of  the  greater  part  of  the  tin  as  an  insoluble  stannic  hydrate. 
Heat  favors  this  decomposition,  and,  on  the  other  hand,  the  pres- 
ence of  a  large  excess  of  hydrochloric  acid  prevents  it.  Stan- 
nic chloride  unites  with  a  considerable  number  of  bodies  both 
organic  and  inorganic,  and  forms  double  salts  with  several  of 
the  metallic  chlorides.  Ammonio-stannic  chloride,  SnCi^ . 
2NIf^  01  (pink  salts  of  the  dyers)  is  isomorphous  with  the  cor- 
responding compound  of  platinum.  An  impure  solution  of 
stannic  chloride,  made  by  dissolving  tin  in  aqua-regia,  is  also 
extensively  used  in  dyeing  for  brightening  and  fixing  certain 
red  colors. 

There  are  two  bromides  and  iodides  of  tin  corresponding  to 
the  chlorides.  There  is  also  a  stannous  fluoride,  and  although 
stannic  fluoride  has  not  been  isolated,  a  laiige  number  of  double 
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stannic  fluorides  or  fluostannates  are  known,  which  are  iaomor- 
phous  with  the  corresponding  compounds  of  titanium  and  silioon. 

384.  Stannous  Hydrate,  —  The  precipitate  which  falls  on 
adding  an  alkaline  carbonate  to  a  solution  of  stannous  chloride 
is  said  to  have  the  composition  Ho^{SnfO),  It  is  soluble  in 
both  alkalies  and  acids.  Boiled  with  water  or  a  weak  solution 
of  potash  it  is  rendered  anhydrous,  but  if  boiled  with  a  concen- 
trated solution  of  this  alkali  it  yields  potassic  stannate  and  me- 
tallic tin.  The  moist  hydrate  absorbs  oxygen  from  the  air,  and 
acts,  like  the  chloride,  as  a  reducing  agent.  The  only  impor- 
tant oxygen  salt  corresponding  to  thb  hydrate  is  stannous 
sulphate. 

385.  Stannic  Hydrate^  like  titanic  hydrate,  affects  both  a 
soluble  and  an  insoluble  modification.  The  hydrate  precipitated 
when  ammonia  is  added  to  a  solution  of  stannic  chloride  dis^ 
solves  readily  both  in  acids  and  alkalies,  while  that  obtained  by 
boiling  the  same  solution  greatly  diluted,  or  by  acting  on  tin 
with  nitric  acid,  is  insoluble  in  acids,  and  dissolves  less  readily 
than  the  first  in  alkalies.  The  composition  of  these  bodies 
varies  with  the  temperature  at  which  they  are  dried,  and  they 
are  usually  distinguished  as  stannic  and  meta-stannic  hydrates. 
Like  the  corresponding  compounds  of  titanium,  they  may  be 
regarded  as  derived  from  a  normal  hydrate  of  either  class  by 
the  elimination  of  successive  molecules  of  water.  The  salts  ob- 
tained by  dissolving  stannic  hydrate  in  oxygen  acids  are  unim- 
portant The  sulphate  is  the  most  stable,  but  this  is  completely 
decomposed,  and  the  tin  precipitated  as  meta-stannic  hydrate 
when  the  aqueous  solution  is  diluted  and  boiled.  The  atoms 
Sm  form  much  more  stable  compounds  when  they  act  vl^  acid 
radicals.  The  alkaline  stannates  crystallize  readily,  and  both 
potassic  and  sodic  stannates,  {K  or  Na)^O^SnO  .  AH^O,  are 
commercial  products  much  used  as  mordants.  Their  efficacy 
depends  on  the  fact  that  ammonic  chloride  and  all  acids,  even 
the  CO]  of  the  atmosphere,  decomposes  these  salts  when  in  so- 
lution, and  the  stannic  hydrate  thus  precipitated  in  the  fibre  of 
the  cloth  binds  the  coloring  matter. 

The  compounds  obtained  by  dij*solvinj^  meta-f  tannic  hydrate  in 
alkaline  solvents  cannot  be  crystallized,  but  are  precipitated  on 
adding  to  the  solution  caustic  potash.  The  potassium  salt  thus 
obtained,  dried  at  126®,  has  the  composition  K^O^Sn^O^ .  4i^O. 
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It  was  formerly  supposed  that  the  peculiar  qualities  of  the 
meta-stannic  hydrates  and  the  meta-stannates  were  due  to  the 
atomic  grouping  here  represented,  but  this  opinion  has  not  been 
sustained  by  recent  investigations.  The  water  represented  as 
water  of  crystallization  cannot  be  removed  without  decomposing 
the  salt,  and  is  evidently  water  of  constitution  ;  so  that  we  have 
good  reason  for  writing  the  symbol  H^K^xQi^x^Sn^O^)  after  the 
type  of  the  normal  stannates,  and  we  may  regard  it  as  an  ex- 
ample of  the  soluble  colloidal  hydrates,  to  which  we  have  before 
referred  (337).  This  view  harmonizes  with  the  facts  that  on 
boiling  an  aqueous  solution  of  this  compound  meta-stannic  hy- 
drate is  precipitated,  and  that  by  dialysis  a  solution  both  of 
meta-stannic  and  stannic  hydrates  in  pure  water  may  be  ob- 
tained. The  two  classes  of  compounds  are  probably  isomeric, 
but  differ  in  the  degree  of  molecular  condensation. 

386.  Oxides.  —  Stannous  Oxide,  Sn  0,  may  be  obtained  in 
various  ways,  and  its  color  differs  according  to  the  mode  of 
preparation.  It  has  a  strong  affinity  for  oxygen,  and  if  set  on 
fire  when  dry  burns  to  stannic  oxide. 

Stannic  oxide  has  been  crystallized  artificially,  not  only  in  the 
forms  of  Tin-stone  isomorphous  with  Rutile,  but  also  in  forms 
isomorphous  with  Brookite.  As  obtained  by  igniting  the  hy- 
drate, or  by  burning  metallic  tin,  it  is  an  amorphous  white  pow- 
der. It  offers  even  greater  resistance  to  the  action  of  chemical 
agents  than  TiO^  It  is  not  attacked  by  acids  even  when  con- 
centrated. It  is  not  dissolved  by  fusion  with  alkaline  carbon- 
ates, but  is  rendered  soluble  by  fusion  with  caustic  alkalies.  It 
is  aI>o  taken  up  when  fused  with  acid  potassic  sulphate,  but 
separates  completely  when  the  fused  mass  is  dissolved  in  water. 
Moreover,  like  titanic  oxide  it  is  very  hard  and  infusible,  but 
unlike  that  it  is  reduced  to  the  metallic  state  when  ignited  in 
a  stream  of  hydrogen  gas. 

Besides  SnO  and  SnO^  an  intermediate  oxide,  Sn^O^  has 
been  distinguished,  but  it  does  not  form  definite  salts.  Dissolved 
in  hydrochloric  acid  it  gives  with  auric  chloride  the  beautiful 
purple  precipitate  known  as  Purple  of  Cassius  (147). 

387.  Sulphides.  —  Tlie  dark-brown  precipitate  which  falls 
when  H^S  is  passed  through  an  acid  solution  of  a  stannous  salt 
is  SnSy  and  the  dull  yellow  precipitate  which  forms  under  the 
same  circumstances  in  a  solution  of  a  stannic  salt  is  a  hydrate 
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of  SnSg,    The  last  of  these  dissolTes  readflj  m  sc^atiofis  of  al* 
kaline  sulphides,  and  forms  with  them  definite  ealta.     It  ia  alio 
•olable  in  the  fixed  alkaline  hydrates,  and  in  either  ease  is  pp»* 
eipitated  unchanged  when  the  alkali  is  neutralized  with  an  acid. 
Stannous  sulphide,  on  the  other  hand,  does  not  form  salfa  with 
the  alkaline  sulphides,  and  does  not  dissolve  in  sohitions  of  these 
compounds,  unless,  like  the  common  yellow  ammooic  sulphide^ 
they  contain  an  excess  of  sulphur,  when  it  is  conrerted  into 
SnSf,  and  as  such  is  precipitated  on  neutralizing  the  alkalL 
It  does,  however,  dissolve  in  the  fixed  alkaline  hydrates,  hot 
when  an  excess  of  acid  is  added  to  the  solution  a  yellow  pre- 
cipitate of  SnSi  falls,  containing  only  one  half  of  the  tin  present 

The  beautiful  yellow  flaky  material  known  as  mosaic  gold, 
and  used  in  painting  to  imitate  bronze,  consists  of  anhydrous 
stannic  sulphide,  and  is  obtained  by  subliming  a  mixture  of  tin, 
sulphur,  sal-ammoniac,  and  mercury.  There  is  also  a  seequi- 
sulpliide,  Sn^^S^ 

388.  Compounds  with  the  Alcohol  Radieals,  —  These  com- 
pounds are  very  numerous  and  highly  important,  theoretically, 
because  they  establish  beyond  all  doubt  the  atomic  relations  of 
tin.  Compounds  have  been  obtained  containing  methyl,  ethyl, 
and  amyl,  either  singly  or  associated  together.  Three  cooh 
pounds  are  known  containing  only  tin  and  ethyk  Potting 
Et=z{C^s)  we  have 

All  three  are  colorless  oily  liquids.  The  last  is  the  most  stable^ 
boiling  at  181**,  and  yielding  a  vapor  whose  Sp.  Or.  =  118. 
The  others  cannot  be  volatilized  without  decomposition,  and 
unite  directly  with  oxygen,  chlorine,  bromine,  and  iodine.  The 
first,  e8()ecially,  like  other  stannous  compounds,  acts  as  a  redti* 
cing  agitnt,  absorbing  oxygen  from  the  air,  and  precipitating  sil* 
ver  from  a  solution  of  the  nitrate.  Thfs  is  the  only  stannous 
compound  known  among  this  class  of  bodies.  In  all  the  ochen 
the  tin  atoms  exert  their  maximum  atom-fixing  power,  and  they 
may  be  regarded  either  as  compounds  of  the  radicals  {SnJSt^* 
or  {SnEtg)-y  or  else  as  formed  from  stannic  ethide  by  replacing 
either  one  or  more  of  the  atoms  of  ethyl  by  other  radicaJa» 
The  following  are  a  few  examples :  — 
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Siaiuuxdietliytic  Bromide  (SnEt,)'BrB 

StaniKMliethjlic  Oxide  (Sn£l,)-0, 

StanntKiiethjlic  Acetate  (\&t£y-0,-(  P^jO)» 

Stanno-diethylic  Sulphata  (S«A'(j)'  O/SOj, 

Sumno-tnethylic  Chloride  lSn£!l,)-Cl, 

Stanno-trietbylic  Hydrate  {SnEt,)-0'H, 

Slanno-trielhylic  Oxide  {SnEl^^-O, 

Stauno-triethylic  Carbonate  {SnEl^^-Oi'CO. 

The  metby]  and  amyl  compouDda  are  formed  afUr  the  same 
analogy,  and  also  othen  which  contain  both  methyl  and  ethyL 
Th«se  compounds  are  either  liquids  or  crystalline  solids.  Th« 
chlorides,  bromides,  and  iodides  ore,  aa  a  rule,  volatile  and  spar- 
ingly soluble  in  water.  The  oxides  and  oxygen  salts,  on  the 
other  hand,  generally  dissolve  freely  in  water,  and  are  more 
easily  decomposed  by  heat  The  vapor  densities  of  several  of 
these  compounds  ore  given  in  Table  IIL,  and  this  list  might  be 
greatly  extended. 

389.  ZIRCONIUM.  Zr  =  89.6.  —  Tetrad.  Found  only 
in  Zircon,  Eudialyte,  and  a  few  other  very  rare  minerals.  The 
elementary  aubstance  closely  resembles  sihcon.  It  may  be  ob- 
tained by  similar  reactions  in  three  corresp<Mading  states,  amor- 
phous, crystalline,  and  graphitoidal.  Amorphous  zirconium  is 
a  very  combuBtible  black  powder.  The  crystals,  Sp.  Gr.  4.15, 
resemble  antimony  in  color,  lustre,  and  brittleness,  and  burn 
only  at  a  very  high  temperature.  Tbe  graphitoidal  variety 
forma  very  light  steel-gray  scales.  Zirconium  U  very  infusible, 
is  but  slightly  attacked  by  the  ordinary  acids,  but  hydrofluoric 
acid,  and  in  some  conditions  aqna-regia,  dissolve  it  rapidly. 

390.  Ziramie  Ohloridt,  ZrCl^,  is  a  while  volatile  soliil  (Sp. 
Gr.  ^117.6),  which  dissolves  easily  and  with  evolution  of  heat 
in  water.  This  solution,  or  the  solution  of  the  hydrate  in  hy- 
drochloric acid,  yields  on  evaporation  a  large  mass  of  white 
silky  needles,  which,  when  heated,  lose  water  and  hydrochloric 
acid,  leaving  an  oxychloride,  ZrtOtClf 

391.  Zirconic  FluoritU,  ZrF,.  is  likewise  a  volatile  white 
solid,  and  forma  a  crystalline  hydrate,  ZrF, ,  Sff,0,  which  is 
decomposed  by  beat,  leaving  pure  ZrOr  Zirconic  fluoride 
unites  with  many  other  metallic  fluorides,  forming  salts  which 
are  isomorphous  with  the  corcesponding  oomponnds  of  silicon. 
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titanium,  and  tin.    Tbe  followiog  symbols  illustrate  the  known 
types:  — 

Cadmio-ziroonic  Fluoride  ZrF^ .  20?^^,  •  6J3;0, 

Tripotasaio-zirconic  Fluoride  ZrF^  .  SKF^^ 

Dipotassio-zirconic  Fluoride  ZrF^ .  2KF, 

Potassio-zirconic  Fluoride  ZrF^ .  KF .  H^  O, 

Sodio-zirconic  Fluoride  2ZrF^  .  5NaF. 

892.  Zirconic  Hydrate^  precipitated  from  the  chloride  bj 
ammonia,  and  dried  at  17^,  has  the  symbol  Zr^Ho^.  Dried  at 
a  higher  temperature,  {ZrOyH:^  It  is  a  yellowish,  translu- 
cent,  gummy  mass,  having  a  conchoidal  fracture.  The  hydrate 
precipitated  and  washed  cold  dissolves  easily  in  acids,  and,  very 
slightly,  even  in  water;  but  when  precipitated  from  hot  solu- 
tions, or  washed  with  hot  water,  it  dissolves  only  in  concen- 
trated acids.    Zirconic  hydrate  acts  both  as  a  base  and  an  acid. 

There  are  several  zirconic  sulphates.  The  normal  salt  can 
be  crystallized,  and  the  formation  of  a  basic  sulphate,  which  is 
precipitated  when  a  neutral  solution  of  zirconia  in  sulphuric 
acid  is  boiled  with  potassic  sulphate,  is  one  of  the  most  charac- 
teristic reactions  of  zirconium.  The  salts  of  zirconium  have  an 
astringent  taste,  and  the  solutions  redden  turmeric  paper. 

The  precipitated  hydrate  is  insoluble  in  caustic  alkalies,  bat 
when  precipitated  by  a  fixed  alkaline  carbonate,  or,  better,  by  a 
bicarbonate,  it  dissolves  in  an  excess  of  the  reagent.  The  alka- 
line zirconates  can  be  obtained  by  fusion,  and  several  definite 
crystalline  zirconates  of  the  more  basic  radicals  have  been 
studied. 

393.  Zirconic  Oxide  {Zirconia)^  ZrO^  is  obtained  by  heat- 
ing the  hydrate.  Prepared  at  the  lowest  jwssible  temperature 
it  forms  a  white  tasteless  powder  soluble  in  acids ;  but  when 
heated  to  incipient  redness  it  glows  brightly,  becomes  denser 
and  much  harder,  and  is  then  insoluble  in  any  acid  excepting 
hydrofluoric  and  strong  sulphuric  Zirconia  has  been  crystal- 
lized artificially  in  the  same  form  as  Tin-stone  and  Rutile. 

The  minenil  zircon  is  usually  regarded  as  a  silicate  of  zirco- 
nium, ZnOfSij  but  the  symbol  may  also  be  written  [^Zr^SC\iO^ 
and  this  view  harmonizes  with  the  fact  that  the  crystalline  form 
is  lUmost  identical  with  that  of  ZrO^  SnO^,  and  TVO^     More- 
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over,  several  isomorphous  varieties  of  this  mineral  are  known 
(Malacone,  Oerstedlte,  &c.)  in  which  the  proportions  of  Zr  and 
Si  are  quite  variable.  They  are  more  or  less  hydrous,  and  for 
the  most  part  comparatively  soft,  but,  like  pure  Zr  0^  they  be- 
come, when  heated,  exceedingly  hard  as  well  as  more  dense. 

394.  THORIUM.  Th  =  1 15.7.  —  The  mineral  Thorite,  or 
Orangeite,  is  essentially  a  hydrous  silicate  of  this  exceedingly 
rare  metallic  element,  which  has  also  been  found,  but  only  as  a 
subordinate  constituent,  in  Euxenite,  Pyrochlore,  Monazite, 
Gadolinite,  and  Orthite.  When  Thorite  is  decomposed  by  hy- 
drochloric acid  a  solution  of  thoric  chloride,  ThCl^^  is  obtained, 
from  which  the  caustic  alkalies  precipitate  a  hydrate  insoluble 
in  an  excess  of  the  reagent  A  similar  precipitate  is  obtained 
with  the  alkaline  carbonates,  but  this  readily  dissolves  when  an 
excess  is  added  to  the  solution.  In  the  same  solution  a  precip- 
itate is  obtained  with  oxalic  acid,  potassic  sulphate,  and  potassic 
ferro-cyanide. 

As  the  above  reactions  indicate.  Thorium  is  allied  in  many 
of  its  properties  to  the  metals  of  the  glucinum  and  cerium 
groups,  but  in  other  respects  it  resembles  more  nearly  zirco- 
nium, with  which  it  is  here  associated.  The  anhydrous  oxide 
Th02  is  a  white  powder,  which  glows  when  heated,  becomes 
more  dense,  and  after  ignition  is  insoluble  in  any  acid  except 
concentrated  sulphuric  It  has  a  high  specific  gravity,  and  by 
fusion  with  borax  has  been  obtained  in  tetragonal  crystals  (Fig. 
37)  resembling  those  of  Tin-stone,  SnO^j  and  Rutile,  TVOj. 
The  anhydrous  chloride  is  volatile,  and  the  hydrated  chloride 
forms  a  radiate  crystalline  mass  like  ZrCl^.  The  chloride  may 
be  reduced  by  sodium,  and  the  metal  may  be  thus  obtained  as 
a  gray  lustrous  powder  which  readily  bums  in  the  air. 


Questions  and  Problems, 

Titanium. 

1.  Compare  by  means  of  graphic  symbols  the  composition  of  Pe- 
rofskite  and  Menaccanite.  Can  they  be  regarded  as  similarly  con- 
stituted ? 

2.  Write  the  reaction  by  which  titanic  chloride  is  made. 

3.  According  to  the  experiments  of  Isidore  Pierre,  0.821 5  gramme 

19* 
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of  TiCl^  }rield  2.45176  grammes  of  AgCl.  Calcoliite  the  atomie 
weight  of  titanimn,  and  state  clearly  the  course  of  reasoning  faj 
which  the  result  is  reached.  Ana.  50.34. 


4.  Write  the  reaction  which  takes  place  when  a  dilute  aqui 
solution  of  TiCl^  is  boiled. 

5.  Write  the  reactions  which  take  place  when  a  solution  of  titanif- 
erous  iron  in  hydrochloric  acid  is  boiled  with  tin,  and  explain  tlie 
use  of  this  reaction  as  a  test  for  titanium. 

6.  Write  the  reaction  by  which  TiF^  is  prepared,  and  also  abow 
how  it  is  decomposed  by  water. 

7.  Represent  the  constitution  of  hydro-titanic  fluoride  by  a  grmpbie 
symbol,  assuming  that  F  is  trivalent 

8.  Represent  in  a  tabular  form  the  possible  titanic  hydrates. 

9.  Do  the  hydrates  of  any  of  the  prece«ling  elements  present  phe- 
nomena similar  to  those  of  titanic  hydrate  ? 

10.  Write  the  reaction  by  which  TiS^  is  prepared,  and  also  the 
reactions  by  which  crystals  of  TiO^  may  be  obtained. 

11.  Compare  the  specific  gravities  and  hardness  of  the  native  ti- 
tanic oxides.  What  would  these  difierences  indicate  in  regard  to 
the  molecular  constitution  of  these  minerals  ? 

12.  Represent  by  graphic  symbols  the  constitution  of  the  nitridoi 
of  titanium. 

18.  Point  out  the  analogies  between  titanium  and  the  platinum 
metals.    Is  titanium  in  any  way  related  to  iron  ? 

Tin. 

14.  Write  the  reactions  of  hydrochloric,  nitric,  and  solphoric  acids 
on  metallic  tin. 

1 5.  Write  the  reaction  of  stannous  chloride  on  solution  of  HgCl^ 

16.  Write  the  reaction  by  which  anhydrous  SnCl^  is  prepared. 

1 7.  Analyze  reactions  [354]  and  [855],  and  explain  the  use  of 
tin  salts  as  a  mordant 

18.  Write  the  reactions  by  which  anhydrous  SnCl^  is  prepared. 

19.  Represent  the  constitution  of  hydrous  stannic  chloride  by 
graphic  symbols,  and  apply  the  same  principle  to  the  interpretation 
of  other  similar  compounds. 

20.  Write  the  reaction  when  a  dilute  aqueous  solution  of  stannic 
chloride  is  boiled,  and  explain  the  use  of  this  solution  as  a  mordant. 

*21.  Write  the  reaction  which  takes  place  when  stannous  hydrate 
is  boiled  with  a  concentrated  solution  of  potaasic  hydrate. 
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22.  Make  a  table  exhibiting  the  poosible  stannic  hydrates,  and 
explain  the  difference  between  the  two  classes  of  these  compounds. 

23.  Write  the  reaction  which  takes  place  when  a  dilute  aqueous 
solution  of  stannic  sulphate  is  boiled. 

24.  Write  the  reaction  which  takes  place  when  a  solution  of  sodio 
stannate  is  boiled  with  amnionic  chloride. 

25.  Represent  the  constitution  of  metarstannic  hydrate  hy  graphic 
symbols,  and  explain  the  two  opinions  which  have  been  entertained 
in  regard  to  it,  showing  how  far  they  are  sustained  by  facts. 

26.  Write  the  reaction  of  H^S  on  a  solution  of  stannous  or  stannic 
chloride. 

27.  Write  the  reaction  which  takes  place  when  SnS  is  dissolved 
in  yellow  ammonic  sulphide,  and  that  which  follows  on  neutralizing 
the  alkaline  solvent  with  an  acid.  Write  also  the  reactions  when  an 
alkaline  hydrate  is  used  as  the  solvent. 

28.  Point  out  the  analogies  and  the  differences  between  tin  and 
titanium.  By  what  simple  reaction  may  the  two  elements  be  sepa- 
rated when  in  solution?  • 

29.  How  is  tin  related  to  the  platinum  metals? 

30.  According  to  the  experiments  of  Dumas,  100  parts  of  tin, 
when  oxidized  by  nitric  acid,  yield  127.105  parts  of  SnO^  What  is 
the  atomic  weight  of  the  element,  assuming  that  the  oxide  has  the 
constitution  represented  by  the  s}'mbol  ?  Ans.  118.06. 

31.  On  what  facts  do  the  conclusions  in  regard  to  the  atomicity 
of  tin  and  the  constitution  of  its  several  compounds  rest? 

32.  Show  that  the  atomic  weight  of  tin,  deduced  from  the  percent- 
age compoeition  and  vapor  densities  of  its  compounds  with  the  alco- 
hol radicals,  agrees  with  the  value  given  above.  Show,  also,  that 
these  compounds  fully  illustrate  the  atomic  relations  of  the  elements. 

33.  State  the  reasons  for  classing  zirconium  and  thorium  with  tin 
and  titanium. 

34.  Point  out  the  resemblances  between  zirconium  and  silicon, 
and  give  the  reasons  for  classing  zircon  with  tin-stone  and  rutile. 
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Division  XX. 

895.  SILICON.  Si  =  28.  —  Tetrad.  Most  abundant  of 
the  elements  after  oxygen,  forming,  as  is  estimated,  about  one 
fourth  of  the  rocky  crust  of  the  globe.  Always  found  in 
nature  united  to  oxygen  either  as  quartz,  SiOf^  or  associated 
with  more  basic  radicals  in  the  various  native  silicates,  many 
of  whose  symbols  have  already  been  given  (333)  (352).  The 
elementary  substance  may  be  obtained  in  three  difierent  condi- 
tions,—  amorphous,  graphitoidal,  and  crystalline. 

1.  By  decomposing  SiF^ .  2A'i^^with  potassium  or  sodium, 
or  by  heating  the  same  metals  in  a  current  of  the  vapor  of 
SiCl^y  silicon  is  obtained  as  a  dull-brown  powder,  which  soils 
the  fingers,  and  readily  dissolves  in  hydrofluoric  acid  or  a  warm 
solution  of  caustic  potash,  although  insoluble  in  water  and  the 
common  acid^.  When  ignited  it  bums  brilliantly,  but  the  grains 
soon  become  coated  with  a  varnish  of  melted  silicon,  which  pro- 
tects them  from  the  further  action  of  the  air. 

2.  Tlie  brown  powder  just  described,  when  intensely  heated 
in  a  closed  crucible,  becomes  very  much  denser  and  darker  in 
color,  and  afterwards  is  insoluble  in  hydrofluoric  acid,  and  does 
not  bum  even  in  the  oxy hydrogen  flame.  It  does  dissolve^ 
however,  in  a  mixture  of  hydrofluoric  and  nitric  acids,  or  in 
fused  potassic  carbonate,  and  it  deflagrates  if  intensely  heated 
with  nitre. 

3.  At  the  highest  temperature  of  a  wind-furnace  silicon 
melts,  and  may  be  cast  into  bars  which  have  a  crystalline  struc- 
ture, a  sub-metallic  lustre,  and  a  dark  steel-gray  color.  More- 
over, by  reducing  silicon  in  contact  with  melted  aluminum  or 
zinc  the  molten  metal  dissolves  the  silicon,  and  aAerwanls,  on 
cooling,  deposits  it  in  definite  crystals.  These  crystals  have  a 
reddish  lustre  and  the  form  of  diamond,  which  they  almost  rival 
in  hardness. 

396.  Sificic  Anhydride  or  Siiiccu  fiiOj.  —  By  far  the  mo$t 
abundant  of  all  mineral  substances.  The  mineralogists  distin- 
guish two  principal  modifications.  Quartz  and  Opal.  Quarts 
crystallizes  in  the  hexagonal  system  (Figs.  64  to  67),  has  a  Sp. 
Gr,  2.5  to  2.8,  is  so  hard  that  it  cannot  be  cut  with  a  file,  and 
even  in  powder  is  but  slightly  acted  on  by  hot  solutions  of  caus- 
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tic  alkalies.  Opal  is  amorphous  or  colloidal,  has  a  Sp.  Gr.  1.9 
to  2.3,  is  easily  abraded  with  a  file,  and  dissolves  in  alkaline  so- 
lutions. Each  of  these  mineral  species  exhibits  numerous  va- 
rieties, determined  by  differences  of  structure  or  admixtures  of 
different  bodies.  Among  those  of  quartz  may  be  mentioned 
common  quartz,  milky  quartz,  smoky  quartz,  amethyst,  chal- 
cedony, carnelian,  agate,  onyx,  flint,  homstone,  jasper,  sand- 
stone, and  sand.  Among  those  of  opal  we  have  pi*ecious  opal, 
common  opal,  jasper  opal,  wood  opal,  siliceous  sinter,  float-stone, 
and  tripoli.  These  two  conditions  of  Si  0^  however,  are  some- 
times found  alternating  on  the  same  specimen,  and  the  chalce- 
donic  varieties  of  quartz  have  frequently  the  appearance  of  opal, 
through  which  state  they  probably  passed  in  the  process  of  for- 
mation. The  opals  are  more  or  less  hydrous,  but  the  water 
present  is  usually  regarded  as  unessential. 

Both  in  its  crystalline  and  in  its  amorphous  condition  silica 
is  insoluble  in  water  and  in  all  acids  excepting  hydrofluoric 
acid,  which  is  its  appropriate  solvent.  The  heat  of  the  oxyhy- 
drogen  flame  is  required  for  its  fusion,  but  at  this  temperature 
it  melts  to  a  transparent  glass,  and  may  be  drawn  out  into  fine 
flexible  elastic  threads,  the  fused  silica  aflecting  the  amorphous 
condition.  When  added  in  powder  to  melted  sodic  or  potassic 
carbonate  it  causes  violent  effervescence,  and  if  the  silica  is  pure 
the  product  is  a  colorless  glass.  Unless  the  silica  is  in  great 
excess  the  alkaline  silicates  thus  obtained  are  soluble  in  water, 
and  are  generally  known  as  soluble  or  toater  glass.  They  yield 
alkaline  solutions,  which  are  very  much  used  in  the  arts, — 
1.  As  a  cement  for  hardening  and  preserving  stone;  2.  In  pre- 
paring walls  for  fresco-painting ;  8.  For  mixing  with  soap ;  and 
4.  In  preparing  mordanted  calico  for  dyeing.  The  same  solu- 
tions can  be  also  made  by  digesting  flints  in  strong  solutions  of 
the  caustic  alkalies  at  a  high  temperature  under  pressure. 

397.  Silicic  Hydrates.  —  If  to  a  solution  of  an  alkaline  sili- 
cate in  water  hydrochloric  acid  be  added  gradually,  a  gelatinous 
precipitate  of  silicic  hydrate  is  formed,  which,  in  its  initial  con- 
dition, probably  has  the  composition  Ho^Si ;  but  in  drying  it 
passes  through  every  degree  of  hydration,  and  the  various  hy- 
drates which  have  been  obtained  in  this  and  in  other  ways  may 
be  represented  by  the  general  formula 

nHo^Si  —  mHfi  =  Ifo^^.^O^Si^).  [856] 
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Thej  are  all,  however,  very  unstable  bodies,  some  loBing  water 
at  low  temperatures,  and  others  very  hygroscopic^  so  that  it  is 
difficult  to  obtain  definite  compounds. 

If,  instead  of  making  the  experiment  as  just  directed,  a  dllote 
solution  of  an  alkaline  silicate  be  poured  into  a  considerable  ex- 
cess of  hydrochloric  acid,  no  precipitate  is  formed.     The  whole 
of  the  hydrate  remains  in  solution  mixed  with  the  alkaline  dJo* 
rides  and  free  hydrochloric  acid.     These  crystalloid  substaoceii 
however,  can  readily  be  separated  by  dialysis  from  the  oolloid 
hydrate,  and  a  pure  solution  of  silicic  hydrate  may  be  thus  ob- 
tained containing  as  much  as  five  per  cent  of  SiO^     Moreover, 
by  boiling  in  a  flask  the  solution  may  be  concentrated,  until  the 
quantity  of  silica  reaches  fourteen  per  cent     This  solution  is 
limpid,  colorless,  tasteless,  and  has  a  feebly  acid  reaction,  which 
a  very  small  quantity  of  K'llo  is  sufficient  to  neutralize. 

Evidently,  then,  silicic  hydrate  has  both  a  soluble  and  an  in- 
soluble modification,  but  the  last  is  by  far  the  most  stable  con- 
dition. The  concentrated  solution,  formed  as  above,  in  a  few 
days  completely  gelatinizes.  Moreover,  even  in  a  closed  vessd 
this  jelly  gradually  shrinks,  spontaneously  squeezing  out  the 
greater  part  of  the  water,  until  at  last  it  becomes  a  hard  maat 
resembling  opal.  When,  however,  the  solution  is  quite  dilute, 
it  can  be  kept  indefinitely  without  gelatinizing,  and  most  spring 
and  river  waters  hold  an  appreciable  amount  of  silicic  hydrate 
thus  dissolved.  The  power  of  di^^solving  silica,  which  natural 
waters  poesess,  is  greatly  enhanced  by  the  presence  of  alkaline 
carbonates ;  and  when  the  action  of  the  alkaline  liquid  is  aided 
by  a  high  temperature,  as  in  the  case  of  hot  springs,  large 
quantities  of  silica  are  frequently  dissolved,  and  such  solutions 
have  undoubtedly  exerted  an  important  agency  in  the  geolog- 
ical history  of  the  earth.  Whenever  a  solution  of  silicic  hydrate 
is  evaporated  to  dryness,  the  whole  of  the  silica  is  rendered  in- 
soluble and  cannot  afterwards  be  dissolved  either  in  water  or 
common  acids. 

3dS,  Silicates. -^^  Although  it  is  impossible  to  isolate  the 
numberless  intermediate  silicic  hydrates  comprehended  in  [356], 
yet  we  find  in  nature  numerous  mineral  silicates  formed  ailar 
the  same  types,  and  which  may  be  regarded  as  derived  from  the 
hydrates  by  replacing  the  hydrogen  atoms  with  various  basio 
niclicals.  These  silicates,  like  silica  itself,  afiect  both  the  crya- 
tolline  and  the  colloidal  conditioD. 
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The  crystalline  silicates  are  represented  by  numerous  well- 
defined  mineral  species,  and  by  the  rocks  which  are  simply  ag- 
gregates of  such  minerals.  They  have  been  formed  in  many 
ways;  for  example,  —  1.  By  deposition  from  solution;  2.  By 
the  action  of  heated  water  or  vapor  on  igneous  and  sedimentary 
rocks ;  8.  By  the  slow  cooling  of  molten  siliceous  material. 

The  colloidal  silicates  are  represented  by  the  obsidians,  the 
pitch-stones,  and  other  volcanic  rocks,  which  have  probably  al- 
ways been  formed  by  the  sudden  cooling  of  melted  lavas.  To 
the  last  class  belong  also  the  various  artificial  silicates  we  call 
glass,  and  the  slags  obtained  in  many  metallurgical  processes. 
Thus  crown-glass  is  a  silicate  of  sodium  or  potassium  with  cal- 
cium, flint-glass  a  silicate  of  either  of  these  alkaline  radicals  with 
lead,  and  the  slags  silicates  of  calcium,  magnesium,  aluminum, 
and  iron  in  various  combinations.  Since  many  of  the  basic  hy- 
drates and  anhydrides  may  be  melted  with  silica  in  almost  every 
proportion,  we  do  not  find  in  the  colloidal  silicates  the  same 
definite  composition  as  in  the  crystalline  minerals,  but  they  are 
probably  in  all  cases  mixtures  of  definite  compounds. 

Most  of  the  silicates  are  fusible,  and  their  fusibility  is  in- 
creased by  mixture  with  each  other.  As  a  rule,  those  which 
contain  the  most  fusible  oxides  melt  the  most  readily,  and  the 
more  readily  in  proportion  as  the  base  is  in  excess.  Only  the 
alkaline  silicates  above  referred  to  are  soluble  in  water.  Most 
of  the  hydrous  silicates,  and  many  which  are  anhydrous  but 
contain  an  excess  of  base,  are  decomposed  by  acids  ;^  but  the 
anhydrous,  normal,  or  acid  silicates  are,  as  a  rule,  unaffected  by 
any  acid,  except  hydrofluoric,  although  they  can  be  rendered 
soluble  by  fusion  with  an  alkaline  carbonate.  When  the  fused 
mass  is  treated  with  HCl  -|-  Aq^  evaporated  to  dryness,  and 
again  digested  with  the  same  acid,  the  silica  remains  as  a  gritty 
insoluble  powder,  and  can  at  once  be  recognized.  The  pres- 
ence of  silica  in  a  mineral  can  generally  also  be  discovered  by 
fusing  a  small  fragment  before  the  blow-pipe  with  microcosmic 
salt.  This  decomposes  the  mineral,  but  does  not  dissolve  the 
silica,  which  is  left  floating  in  the  clear  bead. 

1  Soluble  compounds  of  the  bn«ic  radicals  are  Dius  formed,  while  the  silica 
sepnmtes  either  as  a  gelatinous  hydrate,  or  as  a  loose,  anhydrous  powder. 
Sometimes,  however,  the  silica  also  dissolves,  and  generally  it  is  taken  up  to 
a  limited  extent.  In  every  case  the  silica  becomes  anhydrous,  and  completely 
insoluble  if  the  solution  is  evaporated  to  dryness  at  the  boiling-point  of  water. 
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399.  Constitution  of  Native  Silicates.  —  The    symbols  of 
many  of  the  native  silicates  have  already  been  given,  and  thoM 
of  others  will  be  discovered  by  solving  the  problems  which  fol- 
low tliis  division.    Moreover,  the  principles  on  which  these  sym- 
bols are  written  have  been  fully  developed.     There   is  stilly 
however,  an  uncertainty  in  regard  to  the  constitution  of  some 
of  these  minerals,  and  it  is  not  always  possible  to  deduce  from 
the  results  of  analysis  a  probable  rational  formula,  even  when 
these  results  are  known  to  be  essentially  accurate.     This  uncer- 
tainty arises  from  several  causes :  —  1.  We  have  no  sure  crite- 
rion of  the  purity  of  the  mineral,  since  we  are  not  able,  as  in 
the  case  of  artificial  products,  to  eliminate  adniixtures  by  re- 
peated crystallizations ;  2.  The  methods  commonly  used  to  de- 
termine the  molecular  weight  of  compounds  (66)  entirely  fail 
in  the  case  of  these  silicates,  and  this  important  element  for  fix- 
ing the  symbol  is  therefore  wanting^  (23).     Moreover,  when 
the  molecule  is  condensed  (that  is,  contains  several  atoms  of 
silicon)  unavoidable  inaccuracies  in  the  processes  may  vitiate 
conclusions  based  on  analysis  alone ;  3.  The  constant  repkice- 
ment  of  one  radical  by  another  (214)  renders  the  composition 
of  most  silicates  very  complex,  and  we  are  frequently  at  a  loss 
to  determine  the  part  which  a  given  radical  may  play  in  the 
compound.     This  is  especially  true  of  hydrogen,  for  we  have 
no  certain  means  of  deciding  whetlier  the  atoms  of  this  element 
in  a  hydrous  silicate  are  a  pnrt  of  the  molecule  itself,  or  only 
connected  with  it  in  the  water  of  crystallization. 

400.  Symbols  of  Native  Silicates.  —  The  composition  of  most 
native  silicates  may  be  so  varied  by  replacements,  without  any 
essential  change  in  external  qualities,  that  such  a  mineral  spe- 
cies cannot  be  distinguished  as  a  compotind  of  definite  radicals, 
but  merely  as  conforming  to  a  certain  general  formula,  and  the 
only  specific  character  is  the  atomic  ratio  between  the  several 
composite  radicals  of  which  the  mineral  may  be  supposed  to 
consist  (214).  Thus  the  composition  of  common  Garnet  may 
in  general  be  represented  by  the  formula 

n    VI  rv 

^  We  have  reason  to  hope  that  a  more  accurate  knowledge  of  the  laws  which 
govern  the  molecular  volume  of  compounds  in  the  solid  couditlon  may  hen* 
after  supply  this  deficiency. 
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n  vi      ^ 

but  H  may  be  either  Ca,  Mg^  Fe,  Mn,  or  Or,  and  [i?,]  either 

[^4],  [-^«]2»  or  [  ^J>  *md  garnets  have  been  analyzed  in  which 
these  ^eve^al  radicals  are  mixed  together  in  every  conceivable 
way  consistent  with  the  general  formula,  toiwhich  they  all  con- 
form. This  formtUaj  however,  is  merely  the  expression  of  a  defi- 
nite ratio  between  the  atomicities  of  the  several  classes  of  radicals 
taken  as  a  whole,  and  in  the  last  analysis  this  ratio  is  itself  the 
specific  character.  Hence  the  great  importance  of  the  atomic 
ratio  in  mineralogy,  and  we  have  already  seen  how  easily  it 
can  be  calculated  when  the  symbol  of  the  mineral  is  given 
(Probs.  58  and  95,  pages  394  and  397).  On  the  other  hand, 
from  the  ratio  we  can  as  easily  construct  the  general  formula  of 
the  mineral.  Thus  in  the  case  of  garnet  the  ratio  between  the 
dyad,  hexad,  and  tetrad  radicals  is  6  :  6  :  12,  or  1  :  1  :  2,  which 
is  evidently  expressed  in  its  simplest  terms  by  the  symbol  above. 
In  works  on  mineralogy  the  atomic  ratio  is  given  for  each  of 
the  native  silicates,  and  in  any  case  this  ratio  is  easily  deduced 
from  the  results  of  analysis  by  simply  extending  the  method  for 
finding  the  symbol  of  a  body  whose  molecular  weight  is  un- 
known (page  43).  Having  obtained  the  several  quotients  which 
represent  the  relative  number  of  atoms  on  the  supposition  that 
the  molecular  weight  is  100,  we  next  multiply  each  of  these 
quotients  bj^^the  quantivalence  of  the  respective  radicals.  Last- 
ly, we  add  together  these  products  for  each  class  of  replacing 
radicals,  and  compare  the  several  sums  thus  obtained.  For  ex- 
ample, an  actual  analysis  of  the  Bohemian  Garnet  (Pyrope) 
gave  the  following  results :  — 


Si 

19.30 

or 

SiOt 

405 

[Al,-] 

11.92 

u 

AkO, 

22.85 

Fe 

7.73 

u 

FeO 

9.94 

Mn 

2.01 

u 

MnO 

2.59 

Mg 

9.00 

a 

MgO 

15.00 

Ca 

8.77 

M 

CaO 

5.29 

Cr 

3.19 

a 

CrO 

4.17 

0 

43.77 

100.69  100.69 

Dividing  now  each  per  cent  by  the  atomic  weight  of  the  radical, 
and  multiplying  by  its  quantivalence,  we  obtain  the  following 
numbers :  — 

CO 


Mk    (  i.::  -5-  55  >  >:  i  =  o^i-r 

^l^fsafJt  ««  ^j^z^fi  tike  nsioy 

l^J  :  1-31  :  2.75     cr     1:1:2 

TList  murx  ak!:«n^  boc  ezaeL  k  m  mear  :ke 

ta^f:fXf  rrifustliBtint^  the  astefftti  Ml  ■^thadi  aKd, 

TVr*  M  an  gryxnaintj  in  the  reauiB  of  all  e 
ihm  kiwL  wbidlk  uines  froB  tke  tJKt  tbai  we  kave 
b  w^ketiikg  (be  radiads  to  be  groiif«d  topecfter.  AUhoi^il 
u  trcM  ia  g<nKnl  that  repfaieemeiit«  are  iiautcd  to  nhtWh  «f 
th«  Mine  atrjfniritj.  jec  most  minerakigiits  adnit  thai  i  niTii  rill 
of  tiM  form  [^2^  °uiT  rq>bM9e  3i^«  and  acme  go  jo  &r  as  M 
reckon  a  part  of  the  Si  among  the  basic  radieab^.  Heace  or 
mulu  are  to  a  rertaio  extent  arbitrarr.  and  in  mninr  eucs  gift 
no  «att*fa/^orT  information  a^*  to  the  eon^totion  of  tbe  — m^— 1 
analyzed ;  but  by  d^wlucing  the  atoniic  ratio  according  lo  the  nfe 
jtiti  giv#m.  we  in  all  in«tanre«  rv^oce  fbe  Tesaha;,  as  it  wese,  li 
ttje  ftimp1«'«t  term*,  and  bring  them  into  a  form  in  wludi  thej 
can  \Mi  TtifM  oonTeniently  comparpd  with  each  other. 

It  Is  iiBfifll  in  worlu  on  mineralogy  to  present  the  resnhs  of 
analyiiiii  on  the  old  duali«tic  plan,  an  if  the  mineral  were  formed 
by  the  union  of  various  ba^ic  anhydrides  with  silicon.  Starting 
with  ffijf'h  data  it  is  not,  however,  necessary  to  calculate  the  per 
cent  of  ea^rh  radical  in  the  asmmed  anhydrides  before  applriiig 
the  a^Kive  njlc,  becau.ae  obviouj^ly  by  dividing  the  per  cent  of 
eaf;h  nnliyrlrirle  by  its  molecular  weight  we  shall  obtain  the  same 
quotient -4  a^  before.  For  example,  in  the  analysis  garnet  cited 
aUive,  wlH'n;  the  data  arc  given  in  both  forms,  we  have 


ATI 


Si  :  SiO.,  =  19.30  :  41.35  or  19.30  -♦-  28  =  41.35  -*-  60, 

and  po  ff)r  each  of  the  other  values. 

In  the  Hymbols  of  the  silicates  as  formerly  written  on  the  di- 
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alifitic  theory,  the  atcuns  of  oxygeo  were  neoessarily  apportioned 
among  the  dififevent  radioals  in  proportion  to  their  quantivalence^ 
although  this  fundamental  distinction  between  them  was  itself 
overlooked.  Thus  the  generic  symbol  of  garnet  would  be  writ- 
ten, dualistioally, 

afiO,  R^O^  3SiO^ 

and  it  is  evident  that  the  number  of  oxygen  atoms  is  in  each 
case  a  measure  of  the  relative  atomicities  of  the  radicals  with 
which  they  are  associated.  Hence  the  atomic  ratio  might  also 
be  found  by  comparing  together  the  quantities  of  oxygen  which 
the  several  assumed  oxides  oontaia,  and  this  is  the  manner  in 
which  the  calculation  has  generally  been  made  hitherto.  Hence, 
also,  the  atomic  ratio  has  been  called  the  oxygen  ratio,  and  was 
long  used  in  mineralogy  before  its  true  meaning  was  understood* 
But  although  the  old  method  gives  the  same  results  as  the  new, 
it  is  not  in  harmony  with  our  modem  theories,  and  is  practically 
less  simple.  <  Moreover,  the  principle  is  far  more  general  than 
the  old  method  would  imply,  and  may  be  used  with  all  classes 
of  compounds  as  well  as  with  those  in  which  the  radicals  are 
cemented  together  by  oxygen.  Furthermore,  it  is  sometimes 
useful  to  compare  the  atomic  ratios  of  the  complex  radicals 
which  may  be  assumed  to  exist  in  different  minerals,  and  inter- 
esting relations  may  frequently  be  discovered  in  this  way  which 
the  old  method  would  entirely  overlook.  This  has  already  ap- 
peared in  solving  the  problems  under  aluminum,  and  requires 
no  further  illustration. 

401.  Silicic  Sulphide.  iSt^  — When  the  vapor  of  CS^  is 
passed  over  a  mixture  of  silica  and  carbon  intensely  ignited, 
this  compound  is  deposited  in  the  colder  part  of  the  tube  in 
"  long,  white,  silky,  flexible,  asbcatifotm  needles."  It  can  be 
volatilized  in  a  current  of  dry  gas ;  but  in  contact  with  moigt  air, 
or  when  heated  ia  aqueous  vapor,  it  rapidly  decomposes,  the 
products  being  SjS  and  amorphous  silica,  the  latter  of  which 
retains  the  form  of  the  snlphide.  It  undergoes  a  similar  de- 
composition in  contact  with  liquid  water,  but  the  silica  formed 
dissolves  completely,  and  the  solution,  when  concentrated,  yieWe 
the  same  Angular  vitreous  hydrate,  resemblmg  opal,  described, 
above. 

402.  Saicic  Flwmd$,  SiF^  is  a  colorless  gas  (Sp.  Gr.  =  52> 
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which  can  only  be  reduced  to  the  liquid  state  b  j  great  preawire 
and  cold.     It  is  easily  prepared  bj  the  reactioa 

(iSi  0,  +  2  CaF^  +  2^,500  = 

2{GaS0^  .H^0)'\-  OilF^  [857] 

When  brought  in  contact  with  the  air  it  is  at  once  decomposed 
by  aqueous  vapor  and  forms  dense  fumes.  Passed  into  water 
it  is  absorbed  in  large  quantities,  and  the  products  are  silicic 
hydrate  and  hydro-silicic  fluoride. 

{pSiF^  +  40^0  +  ^^)  = 

H^Or'Si  +  2{2HF.  SiF^  +  Aq).  [358] 

The  same  solution  can  also  be  obtained  by  dissolving  silica  in 
hydrofluoric  acid.  It  forms,  when  saturated,  a  very  sour,  fum- 
ing liquid,  which  evaporates  at  40°  in  a  platinum  vessel  without 
leaving  any  residue.  Hence  a  very  simple  way  of  testing  the 
purity  of  silica. 

The  solution  of  hydro-silicic  fluoride  acts  as  a  strong  acid. 
It  dissolves  iron  or  zinc  with  the  evolution  of  hydrogen,  and 
decomposes  many  metallic  oxides,  hydrates,  and  carbonateSi 
forming  definite  salts.  It  is  therefore  frequently  called  silico- 
fluoric  acid  {H^SiF^j  and  its  salts  are  named  silico-fluorides. 
The  potassium  salt,  K^SiF^  and  the  barium  salt,  Ba^SiF^  are 
both  sparingly  soluble  in  water,  and  may,  therefore,  be  readilj 
obtained  by  precipitation.  Moreover,  since  the  corresponding 
sodium  and  strontium  salts  are  much  more  soluble,  this  reagent 
may  be  used  to  distinguish  potassium  from  sodium,  but  more 
especially  barium  from  strontium.  Several  of  the  silico-fluor- 
ides  may  be  readily  crystallized. 

Ammonic  silico-fluoride  {NH^^SiF^  .  xH^O^ 

Cupric  silico-fluoride  CwSiF^  .  7/^0, 

Manganous  silico-fluoride  Mn^SiF^  .  IH^O. 

403.  Silicic  Chloride,  SiOl4i,  is  formed  by  passing  a  current 
of  chlorine  gas  through  an  intimate  mixture  of  silica  and  car- 
bon heated  intensely  in  a  porcelain  tube. 

8iO,  +  C,  +  201-01  =  20®  +  SSiOl^.      [S59] 
It  is  a  colorless,  volatile  liquid  {Sp.  Gr.  1.52),  boiling  at  50^, 
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and  is  decomposed  by  water  into  hydrochloric  add  and  silicic 
hydrate.    0p.  ®r.  of  vapor  5.94.    It  is  also  slowly  decomposed 

SiCn^  '\-HJSz=z  Sidles  +  HCl  [360] 

The  new  product  is  a  colorless  liquid,  boiling  at  96^,  and  yield- 
ing a  vapor  whose  0p.  ®t.  =  5.78. 

When  the  vapor  of  SiCl^  is  passed  through  a  white-hot  por- 
celain tube  it  undergoes  a  partial  oxidation,  and  is  in  part  con- 
verted into  an  oxychloride, 

2SiOl^  +  0  =  &-,OCZ;i  +  Ol-Ol,  [361] 

the  oxygen  required  coming  from  the  glazing  of  the  tube.  This 
compound  is  also  a  colorless  fuming  liquid,  resembling  the  chlo- 
ride.    It  boils  at  138*,  and  has  Bp.  ®r.  =  10.05. 

404.  Silicic  Bromide,  SiBr^,  may  be  formed  in  a  similar 
way,  and  closely  resembles  the  chloride,  but  is  less  volatile, 
boiling  at  153**,  and  crystallizing  at  from  12**  to  15**.  Sp.  ®r. 
of  vapor  12.05.  The  compound  SiCl^I,  Bp.  C5r.  =  7.25,  is 
also  known. 

405.  Silicic  lodidcy  Sil^,  is  a  colorless  crystalline  solid,  melt- 
ing at  120**.5,  and  boiling  at  about  290*.  Bp.  ®r.  of  vapor 
19.12.  It  crystallizes  in  regular  octahedrons,  and  is  obtained 
by  passing  iodine  vapor  in  a  stream  of  00^  over  ignited  silicon. 

406.  Silicic  Hydride,  Siff^. — One  of  the  silicic  ethers  (409), 
when  heated  with  sodium,  furnishes  this  remarkable  compound 
in  a  pure  condition. 

4.{{C^,)fOfSiH)  =  3((0^,)fO^Si)  +  @W,.  [362] 

The  sodium  induces  the  chemical  change  by  its  mere  presence. 
The  composition  of  silicic  hydride  has  been  determined  by  the 
following  reaction :  — 

SilS^  +  {2K'0'H+  H^O  '\'Aq)  = 

{K,'0^'SiO  +  Aq)  +  413-31.  [363] 

It  is  a  colorless  gas,  which  inflames  at  a  very  low  temperature 
(under  some  conditions  spontaneously),  and  yields  when  burnt 
silicic  anhydride  and  water. 
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407.  SiHeic  BydrwMoride^  SiHCl^  is  a  eolorless  inflmii 
ble  liquid,  obtained  bj  passiDg  HGl  over  ignited  siliooB.  It 
has  0{i.  ®r*  =  4.64,  and  may  be  regarded  as  the  chloride  of 
the  radical  {Siir)^Gl^  correspondrng  to  chloroform  (^OH)^(\ 
among  the  compounds  of  carbon.  The  corresponding  bromine 
and  iodine  compounds  are  also  known.  When  mixed  with 
water  these  substances  are  decomposed,  and  a  volaminoud  whitt 
powder  is  formed  which  has  been  called  leukon. 

2SiHCfk  +  ^H^O  =  {SiOH)^-0  +  (^HCL      [364] 

Leukon  dissolves  in  the  alkaline  hydrates  or  carbonatea,  jield- 
mg  an  alkaline  silicate  and  evolving  hydrogen.  It  alt>o  decom- 
poses water,  and  acts  in  general  as  a  reducing  agent. 

408.  Silicic  Etkidt,  Si(  C^i)^,  and  Silicic  Methidm,  Si{  CB^^ 
are  two  colorless  volatile  liquids,  prepared  by  heating  &Ci^ 
with  zinc  ethide  and  zinc  methide  in  sealed  tubes.  They 
boil  respectively  at  30°  and  153%  and  their  vapors  have  a 
0p.  ®t*  of  3.08  and  5.13.  Also  another  compound  has  been 
described  whose  symbol  may  be  written  O^Si^{  C^Z^)^ 

409.  Silicates  of  the  Orgcmic  RctdicciU  or  Silieie  £khert.  — 
A  large  number  of  these  compounds  have  been  prepared,  con- 
taining the  radicals  methyl,  ethyl,  and  amyl,  either  singlj  or 
associated  in  different  combinations.  They  are  all  colorleos 
volatile  liquids,  highly  combustible,  and  having  for  the  most 
part  an  ethereal  odor.  We  give  in  the  following  taUe  the 
symbols,  the  boiling-points,  and  the  vapor-densities  of  several 
of  the  most  interesting  ethers,  and  of  the  chlorhydrines  (349) 
derived  from  them. 


ap.  Or. 

<ifij<niSd. 

B<dling^polnt. 

Vapor^dmulty. 

Ote. 

Cale. 

{CH,)fOiSi-a 

{0  Ht)fOfSi'Glt 
(C  lit) -0 -Si*  CI, 
{Cff»)^O^Si,0 

',CtH,)fOiSi 

1.059 
1.195 
1.259 

1.144 

0.968 

12^-122* 
114^5-115*' 
98*'-103* 
82**  -  86** 
201** -202^.5 

165* -166** 

5.38 
5.58 
5.66 
5.66 
9.19 

7.32 

5.26 

5.42 
5.57 
5.73 
8.93 

7.27 
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* 

8p.  Or. 
of  Liquid. 

Boiliiig-point. 

Yapor-deniity. 

Obs. 

Cale. 

{GtH,)iOiSi-H 

134* 

5.68 

{CtH,)^OfSi-Cl 

1.048 

157^ 

7.05 

6.81 

{C,H,)iOfSi'Clk 

1.44 

137* 

6.76. 

6.54 

{Ctff,)-0-Si>Cl, 

1.291 

104* 

6.38 

6.22 

{CtH,)SO^Si,0 

1.020 

12.02 

11.86 

{C^,)»,{C^,0)iO^Si 

190** 

7.69 

(C  JI,MC^,)^OfSi 

1.004 

143* -146** 

6.18 

6.23 

{CH,),{C,H,)^O^Si 

0.981 

155** -157*' 

6.72 

{C,H,)^(C,Hn)i0^i 

0.915 

245** -250* 

10.12 

(0^,),  (C,Hu)^OfSi 

0.913 

280°  -  285° 

11.57 

The  following  equations  illustrate  some  of  the  reactiona  by 
which  these  compounds  have  been  prepared :  — 

4e^-0-J5r+  SiOlt  =  {CtH^)^O^Si  +  AHCL  [365] 

S((C^,)/0/Si)  +  SaCl^  =  4(Ctfft)fO^SiCL  [366] 

(Ciffi)fO^Si  +  SaCl^  =  2{C^t)fOfSiClr    [367] 

{C,H,)^  {CJT^YO^Si -{^  HCl  [368] 
3(Cy7,)-0-Zr+  SiHCk  =  {CJI,)fOiS%H-Y  SHCL  [369] 
6( C^H,yO'H+  Si^OCk  =  {CJI,)^0}Si^O  +6  HCl.  [370] 

In  general,  these  reactions  may  be  obtained  bj  simply  beat- 
ing together  the  seyeral  factors,  enclosed  if  necessary  in  sealed 
tubes.  The  process  is  usually  complicated  by  accessory  changes, 
and  a  mixed  product  results,  which  must  be  purified  by  repeated 
fractional  distillation. 
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Qutttitmt  and  Pro6kmi. 

1.  Compare  tlie  propertiea  oTailicoD  in  its  different  condiUou  with 
thoM  of  boron. 

2.  Maka  »  table  iilustratiiig  the  reUdoiu  of  Hm  pomble  hjirttet 
of  lilicoa. 

3.  Required  the  general  fonuula  of  the  foUowing  mineral  ^lecici 
whose  atomic  ratios  are  given  in  tlM  tatile :  — 
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He  namber  of  stoma  of  oxjigen,  which  fbnn  the  vinculum  in  »ach 
of  the  above  fbmiula,  is  alirayi  necewsrily  equal  to  the  total  atcNn> 
icity  of  all  the  hamc  rsdicali,  and  as  many  atoms  of  oxfften  are  uso> 
ciated  with  the  acid  radical  as  are  required  to  complete  the  molecnle. 
The  last  evidently  serve  to  bind  together  the  atoms  of  silicon  when 
they  are  in  exceas  over  the  number  required  to  neDtrsliie  the  baae 
(191).  The  precise  form  we  give  to  the  symbols  is  in  great  meaa- 
nre  arbitrary,  and  mast  be  determined  from  many  circumstance*, 
which  do  not  influence  the  ranilts  of  analysis;  and  the  great  advan- 
tage of  expressing  these  reaulls  in  the  form  of  an  atomic  redo  is  found 
in  the  fact  that  tbey  are  thus  reduced  to  the  simpliwt  tenns,  and  ex- 
hibited independently  of  all  hypothesis,  leaving  each  student  to  con- 
struct the  formuUs  according  to  his  own  theoretical  conceptions. 


QUESTIONS  AKD  FBOBLEUS.  457 

4.  ItepTCsent  tb«  conatitntion  of  Anorthite,  Sarcolite,  ttnd  Beryl 
by  grapluc  tjmbolB. 

5.  In  the  foUowing  table  the  perceutage  compoeitioa  of  a  number 
of  naUve  ailicatei  ti  given  on  theiuaolplau,  asif  tbeywerecoupoHed 
of  ba«c  anhydrides  and  lilica.  It  u  required  in  t»cb  MM  to  deduc* 
the  atomic  ratio  and  coiutruct  the  fonnnU. 
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6.  It  wu  formerly  loppoaed  that  the  symbol  of  rilica  was  St^Op 
correaponding  to  that  of  boric  acid,  B,Op  when  Si  ^  21  and  0  — ■  16. 
What  facta  can  you  adduce  in  aupport  of  the  symbol  adopted  in  tbia 
book? 

7.  Dedace  the  atomic  weight  of  silicon  from  the  data  of  (409)  ac- 
cording t«  the  principle  of  (19).  It  is  aseittoed  that  the  percentage 
compcttition  of  the  varioni  compoundi  has  been  accurately  determined 
by  analyms. 

8.  Point  out  the  analogies  between  the  propertiea  of  ulicic  fluoride 
and  chloride,  aod  tboae  of  the  corresponding  compounds  of  boron. 

9.  Compare  the  chemical  qualitiee  of  nlicon  with  those  of  the 
elements  immediately  preceding  it  in  our  claaaificaUon.  To  which 
element  is  it  more  closely  allied  ? 

10.  Compare  the  chemical  qnalitlea  of  silicon  with  those  of  carbon, 
and  illustrate  by  examples  the  analogiee  between  thoee  elements. 

11.  Pointont  the  examples  of  chlorbydrines  in  the  table  of  (409). 

12.  Describe  and  illustrate  by  reactions  the  metiuda  by  which  tlM 
ulicic  ether*  and  cUorbydrinea  aie  prepared. 
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410.  CARBON.  C=  12.  — Tetrad.  One  of  the  irmt 
widely  diffused,  mod  one  of  the  most  important  elements  in  the 
scheme  of  terrestrial  nature.  United  to  the  three  nerifbrm  ele- 
ments, oxygen,  hydrogen,  and  nitrogen,  it  forms  the  chief  solid 
substratum  of  all  organized  structures.  Combined  with  oxygen 
it  forms  the  carbonic  anhydride  of  the  atmosphere,  which  is  the 
food  of  the  whole  vegetable  world.  In  a  nearly  pure  conditiooy 
or  combined  with  hydrogen,  it  is  found  in  the  strata,  ibmiii^ 
those  deposits  of  coal  and  petroleum  which  are  such  great  storas 
of  light,  heat,  and  motive  power  (64).  Lastly,  it  is  an  essential 
constituent  of  llie  limestones  and  Dolomites,  which  constitute 
an  important  part  of  the  rocky  crust  of  the  globe  (279)  (312). 
The  elementary  substance  is  found  in  nature  in  three  veir  dil^ 
fereut  conditions,  numely,  coal,  graphite,  and  diamond. 

411.  CoaL  —  All  organized  tissues,  and  many  other  carbo- 
naceous materials,  when  heated  without  free  access  of  air  are 
charred ;  that  is,  the  volatile  ingredients  are  driven  offy  and  more 
or  less  of  the  carbon  is  lefl  behind  in  an  uncombined  condition. 
Common  charcoal,  animal  charcoal,  lamp-black,  ivory-black,  ^sc 
are  all  artificial  products  of  this  kind,  and  mineral  coal  is  the 
charred  remains  of  the  rank  vegetation  of  an  early  geological 
epoch.  Since  carbon  is,  under  all  circumstances,  infusible  and 
non-volatile,  coal  frequently  retains  the  structure  of  the  organiQ 
tissue  from  which  it  was  derived,  and  this  element  may  therefore 
be  regarded  as  the  skeleton  of  all  organic  forms,  which  in  the 
process  of  growth  gather  around  this  solid  nucleus  the  elements 
of  air  and  water.  The  great  porosity  of  many  kinds  of  coal, 
which  results  from  its  organic  structure,  renders  it  a  powerful 
absorbent  both  of  aeriform  and  liquid  materials,  and  hence  the 
use  of  wood-charcoal  as  a  disinfecting,  and  of  bone-black  as  a 
decolorizing,  agent.  The  ready  combustibility  of  coal  is,  how- 
ever, the  most  characteristic  and  important,  as  it  is  the  Aiost 
familiar,  quality  of  this  variety  of  carbon,  which  b  peculiarly 
adapted  for  its  all-important  uses  as  fuel,  not  only  on  account  of 
its  high  calorific  power,  but  also  because  it  retains  its  solid  coo- 
dition  at  the  highest  furnace  heat,  and  because  the  product  a£ 
its  combustion  is  an  invisible  innocuous  gas,  the  appropriate 
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food  of  the  plant  la  its  more  porous  conditions  coal  is  a  non- 
conductor of  heat  and  electricity,  has  a  low  specific  gravity  and 
a  high  specific  heat,  hoth  varying^  however,  in  different  varieties 
between  quite  wide  limits. 

412.  Graphite  has  usually  a  foliated  structure,  and  is  found 
occasionally  in  small  six-sided  tables  belonging  to  the  third  sys- 
tem, but  it  is  also  met  with  in  compact  amorphous  masses.  From 
its  frequent  association  with  crystalline  minerals,  evidently  the 
products  of  aqueous  action,  we  naturally  infer  that  jt  must  have 
been  formed  in  a  similar  way ;  but  the  nature  of  the  process  is 
not  understood.  Graphite  is  very  soA,  leaving  a  black  shining 
streak  on  paper,  and  has  &  S^.  Gr.=z  1.209.  It  is  practically 
incombustible,  although  it  bums  slowly  in  an  oxy hydrogen  flame. 
It  has  a  metallic  lustre,  and,  since  it  also  conducts  electricity 
nearly  as  well  as  the  metals,  it  has  been  called  metallic  carbon. 

The  ciu'bon  which  separates  from  some  varieties  of  cast-iron 
when  the  molten  metal  slowly  coob  is  in  the  condition  of  graph* 
ite,  and  the  cavities  in  iron  slags  are  sometimes  lined  with  crys- 
talline plates  of  the  same  material  Moreover,  when  coal  is 
intensely  heated  in  a  dose  vessel,  it  acquires  the  characteristic 
lustre  and  conducting  power  of  the  same  mineral,  and  a  similar 
product  is  formed  in  the  iron  retorts  in  which  illuminating  gas 
is  manufactured.  Ordinary  coke  also  sometimes  approaches  the 
same  condition,  but  all  these  materials  are  very  hard,  and  thus 
differ  from  true  graphite. 

Graphite  may  be  obtained  in  a  state  of  minute  sub-division 
by  heating  with  strong  sulphuric  acid  the  coarsely  pulverized 
mineral,  previously  mixed  with  one  fourteenth  of  its  weight  of 
potassic  chlorate,  and,  after  washing  with  water  and  drying, 
igniting  the  residue.  If  this  process  is  many  times  repeated 
the  graphite  is  converted  into  a  yellow  crystalline  product  which 
has  been  called  graphitic  acid,  and  which  has  been  regarded  as 
a  peculiar  compound  of  the  graphitoidal  condition  of  carbon* 
Analysis  gives  the  symbol  C^^Of. 

413.  Diamond. — This  well-known  gem  is  also  a  crystalline 
condition  of  carbon.  It  afiects  the  forms  of  the  monometric 
system,  and  may  be  cleaved  in  directions  which  are  parallel  to 
the  faces  of  the  regular  octahedron.  Its  peculiar  brilliancy  is 
due  to  a  very  high  refractive  and  dispersive  power  united  to  a 
strong  lustre  called  adamantine.    The  effect  is  greatly  increased 
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bj  the  lapidary,  who  cats  nomerous  &oets  on  the  gem,  whkk 
reflect  and  disperse  the  light  in  various  directions.  I^iamood 
is  the  hardest  suhstance  known,  and  can  therefore  odIj  be  cut 
with  its  own  powder.  Opaque  stones  called  ^  black  diamondsi* 
which  are  otherwise  valueless,  are  pounded  up  and  used  for  this 
purpose.  On  account  of  its  great  hardness  the  diamond  is  also 
used  for  cutting  glass,  and  the  convex  faces  of  the  crystals  en* 
able  them  to  bear  the  necessary  pressure  without  breakinf^ 
The  diamond  burns  at  a  high  temperature  much  more  readily 
than  graphite,  and  in  an  atmosphere  of  pure  oxygen  sustains  its 
own  combustion,  yielding  CO^  like  all  other  forms  of  carbon. 
It  is  a  poor  conductor  of  electricity,  but  when  intensely  heated 
in  the  vohaic  arc  it  suddenly  acquires  this  power,  becomes  sp^ 
ciflcally  lighter,  and  is  converted  into  a  kind  of  coke.  The  diir 
mond  lias  never  been  made  artificially,  and  we  have  no  knowl- 
edge as  to  its  origin.  It  is  found  in  alluvial  soil  at  only  a  few 
localities,  chiefly  in  India,  Borneo,  and  BraziL 

It  will  thus  be  seen  that  carbon  presents  the  most  remarkable 
example  of  allotropism  which  has  been  observed  in  nature,  and 
the  essential  differences  between  the  three  states  appear  chiefly 
in  the  form,  density,  and  capacity  for  heat,  which  we  sum  up  in 
the  table  below :  — 


CrTitalline  Fom. 

8jp.  Or, 

Bp.  HMk 

Wood  Charcoal 

Amorphous 

0.300 

0.2415 

Graphite 

Hexagonal 

2.300 

0.2027 

Diamond 

Isometric 

8.500 

0.1469 

In  all  these  forms  carbon  is  chemically  the  same,  and  yields 
the  same  product  (  CO^)  when  burnt  It  is  not  only  non-vola- 
tile and  infusible,  but  does  not  even  soften  in  the  hottest  fire ; 
although  in  the  experiments  of  Despretz,  with  a  voltaic  battery 
of  intense  energy,  it  appears  to  have  undergone  incipient  fusion* 
and  to  have  been  partially  volatilized.  Lastly,  although  com* 
bustible  at  a  high  temperature,  yet  under  ordinary  conditions 
carbon  effectually  resists,  and  for  an  indefinite  period,  the  action 
of  all  atmospheric  agents,  and  its  uses  for  fuel  on  the  one  hand, 
and  for  printing-ink  on  the  other,  are  remarkable  illustrations  of 
the  singular  twofold  aspects  of  this  element  in  the  economy  of 
nature. 
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CARBON  AND  OXYGEN,  OR  SULPHUR. 

414.  Carhonie  Anhydride.  CO^  —  With  this  aeriform  pro- 
duct of  ordinary  combustion  the  student  must  have  already  be- 
come familiar.  Although  a  gas  under  ordinary  conditions,  it  can 
be  condensed  by  pressure  and  cold  to  a  colorless  limpid  liquid, 
which  freezes  by  its  own  evaporation  to  a  light  flocculent  solid, 
outwardly  resembling  snow,  a  condition  in  whiclT  it  is  used  to 
produce  a  great  degree  of  cold.  As  a  gas  it  is  distinguished  by 
the  absence  of  all  those  qualities  which  affect  the  senses,  and 
hence,  although  playing  such  an  important  part  in  nature,  it  es- 
caped notice  until  the  year  1757,  when  it  was  first  discovered 
by  Dr.  Black.  It  is  not  only  a  product  of  the  combustion  of 
all  carbonaceous  materials,  and  of  the  slow  oxidation  of  organic 
tissues  called  decay,  but  it  is  also  one  of  the  chief  products  of 
respiration,  and  of  the  other  processes  of  animal  life.  Carbonic 
anhydride  is  likewise  formed  during  fermentation,  and  is  the 
cause  of  the  effervescence  in  all  fermented  liquids.  It  is  a  pro- 
duct of  volcanic  action,  and  is  copiously  evolved  from  the  earth 
in  many  localities,  especially  in  volcanic  districts.  As  it  is  much 
heavier  than  the  air,  9p.  ®r.  =  1*529,  it  not  unfrequently  col- 
lects in  wells,  mines,  and  caverns,  and  it  is  the  choke-damp  which 
has  occasioned  so  many  serious  accidents;  for,  although  not, 
properly  speaking,  poisonous,  the  free  secretion  of  carbonic  an- 
hydride fibm  the  body  is  an  essential  condition  of  life,  and  this 
is  arrested  as  soon  as  the  amount  in  the  atmosphere  exceeds  a 
few  per  cent  Hence  also  the  necessity  of  ventilating  crowded 
apartments. 

Although  an  immense  flood  of  carbonic  anhydride  is  being 
constantly  poured  into  the  atmosphere  from  the  various  sources 
just  enumerated,  yet  in  the  beautiful  balance  of  creation  the 
plant  restores  the  equilibrium  which  these  causes  tend  to  diS" 
turb.  This  product  of  animal  life,  of  decay,  and  of  combustion 
is  the  food  of  the  vegetable  world,  and,  as  has  been  stated  (64), 
the  sun's  rays  acting  on  the  leaves  of  the  plant  undo  the  work  of 
destruction,  and  while  the  plant  fixes  the  carbon  in  its  tissues, 
the  oxygen  is  restored  to  the  atmosphere.  While  the  plant  is 
an  apparatus  of  reduction,  the  animal  is  an  apparatus  of  com- 
bustion, in  which  the  carbon  It  receives  with  its  food  is  burnt 
in  each  act  of  life,  and  every  breath  carries  back  carbonic  an- 
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hydride  to  the  atmosphere,  ready  to  be  reabsorbed  by  the  jJanti 
and  repass  through  the  phases  of  organie  life. 

Water  dissolves  very  nearly  its  own  volume  of  carbome 
anhydride  gas  (53),  and  this  important  agent  is  as  universal^ 
diffused  through  the  waters  of  the  globe  as  it  is  through  the 
atmosphere,  and  sustains  the  same  intimate  relations  to  thi 
plants  and  animals  which  inhabit  the  water  as  it  does  to  those 
which  live  in  the  air.  Moreover,  in  this  condition  of  solutioa 
carbonic  anhydride  is  a  very  active  and  important  agent  in  the 
mineral  kingdom,  exerting  a  powerful  solvent  action  on  maoj 
minerals  which  would  be  otherwise  unaffected  by  water,  and 
thus  causing  extensive  geological  changes.  (279),  (312),  and 
Prob.  67,  page  394. 

Although  the  solution  of  COi  in  water  acts  in  all  respects 
like  a  simple  solution  (54),  yet  there  are  reasons  for  regarding 
it  as  a  solution  of  carbonic  acid,  and  writing  its  symbol  thus, 
{^H^OfCO  4-  -4y).  It  has  an  acid  reaction  (39),  and  dissolves 
iron  with  the  evolution  of  hydrogen  gas  (335).  Moreover,  it 
neutralizes  many  basic  hydrates,  and  such  reactions  are  most 
simply  regai-ded  as  examples  of  direct  metathesis,  thus : 

((7a-0,=/r,  +  HfO^GO  -f-  Aq)  = 

Ca-0^^00  +  (2fiiO  +  Aq).  [371] 

Carbonic  acid  is  a  weak  dibasic  acid,  and  forms  two  distinct 
classes  of  salts,  the  most  important  of  which  have  already  be^ 
described  (123),  (124),  &c.,  and,  as  may  be  inferred  from  what 
has  been  said,  carbon  is  next  to  silicon  the  most  abundant  acid 
radical  in  the  mineral  kingdom. 

The  quantity  of  (7(9,  formed  by  the  burning  of  a  known 
weight  of  carbon  can  be  coUected  and  weighed  with  the 

accuracy,  and  it  was  thus  that  the  atomic  weight  of  carbon 

determined.  Dumas  found  in  a  series  of  very  accurate  expert- 
menu  that  100  parts  of  pure  carbon  yield  exactly  366.66  +  narts 

415.  Carbonic  Oxide^  CO,  is,  like  CO^  a  colorless  gas,  bat 
contains  in  the  same  volume  only  one  half  as  much  oxygen,  and 
its  molecules  not  being  saturated,  act  as  powerful  dyad  radicals 
(69).  The  gas  is  devoid  of  odor  or  taste,  is  very  poisonous,  is 
but  slightly  soluble  in  water,  and  has  never  been  condensed  to 
the  liquid  state.    When  ignited  it  bums  with  a  blue  flame,  and 


§415.]  GABBOK  AND  OXYGEN.  468 

when  in  contact  with  heated  metallic  oxides  it  acts  as  a  power- 
ful reducing  agent,  in  each  case  eagerly  absorbing  more  oxygen 
without  changing  its  volume.  It  is  formed  abundantly  in  all 
furnaces  and  grates  whenever  the  first  product  of  combustion, 
always  CO^i  subsequently  passes  through  a  mass  of  ignited  ear* 
bonaceous  combustible,  and  it  plays  an  important  part  in  many 
metallurgical  processes,  not  unfrequently  occasioning  a  great 
loss  of  heat  by  escaping  combustion.  It  is  also  formed  when 
steam  is  passed  over  ignited  coal,  and  it  is  a  chief  ingredient  in 
the  so-called  water  gas. 

Carbonic  oxide  may  be  obtained  in  a  pure  condition  by  a 
number  of  chemical  reactions,  of  which  the  following  is  the 
most  available :  — 

K^iFeCM  +  ^ffi'OfSOi  +  6^0  = 

Potasrie  Ferrocytnlde. 

Fe-Oi-SO.,  +  2Kf0fS0i  +  Z^NH^i^-O^-SO^  +  GO®.  [S72] 

So,  also,  when  oxalic  acid  is  dehydrated,  —  best  by  heating  the 
crystals  with  concentrated  sulphuric  acid,  —  it  breaks  up  into 
CO^  and  (70,  which  are  evolved  in  equal  volumes,  and  the  CO 
may  be  isolated  by  passing  the  gas  through  a  solution  of  canstic 
alkali  which  absorbs  the  COg, 

Hi^O^O^O^  —  H^O  =  ®®,  +  <m>.  [373] 

In  theoretical  chemistry  CO  is  chiefly  interesting  as  an  im- 
portant acid  radical,  and  when  acting  in  this  capacity  it  is  usu- 
ally known  as  carbonyl.  It  is  the  acid  radical  not  only  in  the 
normal  carbonates,  but  also  in  almost  all  of  the  organic  adds. 
The  following  beautiful  synthetical  reaction,  obtained  by  simply 
heatinpr  carbonic  oxide  gas  with  potassic  hydrate,  illustrates  the 
relations  of  this  radical  to  an  important  class  of  organic  acids. 

K'  O'H  +  CO  =  K'0-(  CO-ff).  [874] 

Potaaile  Fonnato. 

Under  the  influence  of  direct  sunlight,  carbonic  oxide  combines 
directly  with  chlorine,  forming  CO^Cl^  called  phosgene  gas. 
This  compound  is  at  once  decomposed  both  by  water  and  am- 
monia {NH^<t  and  in  each  of  the  resulting  reactions  the  radical 
CO  evidently  retains  its  integrity. 

CO^Cl^  +  H,Oz=z  2HCI  +  COr  [375] 

CO-CT|  -f  ^^=  H^fNi^CO  -f  2NH,0L     [876] 

Urea. 
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416.  OxaUc  Acid.  H^^ 0^-0^0^.211^0.  —  The  anhydiUB 
of  this  acid,  C^O^  has  never  been  obtained,  and  the  add  itself 
forms  the  first  term  of  an  important  series  of  compounds^  all  of 
which  contain  hydrogen.  Strictly,  therefore,  it  cannot  be  Htnnfd 
with  the  simple  compounds  of  carbon  and  oxygen,  but  neverthe- 
less it  is  best  studied  in  this  connection. 

The  calcic  and  potassic  salts  of  oxalic  acid  are  found  id  the 
juices  of  many  plants,  and  when  organic  bodies  are  oxidized  by 
nitric  acid  or  similar  agents,  this  acid  is  one  of  the  meet  com- 
mon products.  It  is  made  in  the  arts  by  tlie  action  of  nitrie 
acid  on  sugar  or  starch,  and  also  by  heating  sawdust  with  caustic 
potash. 

Oxalic  acid  easily  crystallizes  in  prisms  which  have  the  com- 
position indicated  above.  These  crystals  lose  their  water  of 
crystallization  at  lOO"",  and  at  160**  the  body  itself  is  brokea 
up,  the  products  being  carbonic  anhydride  and  formic  add; 
but  the  greater  part  of  the  last  is  still  further  decomposed  into 
water  and  carbonic  oxide,  and  a  portion  of  the  oxalic  acid  al- 
ways sublimes  unchanged. 

CfH^O^  =  CH^O^  +  COi  and  CH^O^  =  H^O  +  CO.    [877] 

When,  however,  the  acid  is  heated  with  glycerine,  the  reactioii 
is  arrested  at  the  first  stage,  and  yields  the  equivalent  quantity 
of  formic  acid. 

Oxalic  acid  is  both  diatomic  and  dibasic.    Thus  we  have 

Normal  Potassic  Oxalate  Kf  O,-  (7,  O, .    H^O^ 

Acid  Potassic  Oxalate  (Salt  of  Sorrel)  H,K*Of  (7,0, .  H^O^ 
Super-acid  Potassic  Oxalate  HJK-O^C^O^ .  H^O^C^O^ .  2^0. 

The  last  is  usually  regarded  as  a  molecular  compound.  With 
the  exception  of  the  alkaline  salts,  the  oxalates  are,  as  a  rule, 
insoluble  or  difficultly  soluble  in  water,  and  on  the  great  insolu- 
bility of  calcic  oxalate  several  important  analytical  processes 
depend. 

Calcic  oxalate,  when  heated,  is  converted  into  calcic  car- 
bonate. 

Cb-0,-QO,  =  Ca'O^'CO  +  00.  [878] 

When,  however,  the  acid  itself  is  heated  with  an  excess  of  lime, 
we  obtain  a  somewhat  different  result. 

i7,-0,-Q0, +  2010  =  201-0^(70 +J5r-JK   [879] 
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Oxidizing  agents  convert  oxalic  acid  into  CO^  (Prob.  18, 
page  391)  by  removing  the  typical  hydrogen. 

H^OiC^O^  +  0  =  ^,0  +  2  COj.  [380] 

Substances  having  a  strong  attraction  for  water  transform 
the  acid  into  CO^  and  GO  [373]. 

Argentic  oxalate,  when  heated,  is  resolved  with  explosion 
into  metallic  silver  and  CO^ 

Ag^  Oj=  Ci  Oj  =  Ag-Ag  +  2  CO^  [38 1  ] 

On  the  other  hand,  when  an  amalgam  of  potassium  is  heated 
in  an  atmo^iphere  of  CO^  the  gas  is  absorbed  and  potassic  ox- 
alate results. 

K-K  +  2  COj  =  K^  Of  C;  0^  [382] 

These  reactions  all  justify  the  rational  symbol  assigned  to  ox- 
alic acid,  and  by  writing  the  symbol  as  in  the  mar- 
gin the  relation  of  the  atoms  is  made  more  evident  H-O-C^O 
We  thus  see  that  dry  oxalic  acid  may  be  regarded  H-0-G*0 
as  formed  by  the  union  of  two  atoms  of  the  com- 
pound radical  {Ho- GO)',  held  together  by  one  affinity  of  each 
of  the  carbon  radicals,  which,  when  not  thus  satisfied,  may  join 
the  radical  to  any  other  group  of  atoms  that  is  in  the  condition 
to  hold  it.  This  radical  is  called  oxatyl,  and  dry  oxalic  acid  is 
evidently  the  corresponding  radical  substance.  Oxatyl,  as  is 
evident,  is  not  only  univalent,  but  also  monobasic,  and  therefore 
must  transform  any  group  of  atoms  to  which  it  is  united  into 
an  acid.  Moreover,  the  basicity  of  such  an  acid  will  be  meas- 
ured by  the  number  of  atoms  of  oxatyl  which  it  contains.  Now 
nearly  all  the  so-called  organic  acids  may  be  regarded  as  com- 
pounds of  oxatyl  with  the  different  hydrocarbon  radicals. 
Those  containing  one  atom  of  oxatyl  are  monobasic,  those  con- 
taining two  atoms  are  dibasic,  those  containing  three  are  triba- 
sic  Oxatyl,  however,  must  itself  be  regarded  as  a  compound 
of  carbonyl  with  hydroxl,  and  thus  we  arrive  at  this  important 
general  principle.  The  basicity  of  an  organic  acid  is  determined 
by  the  number  of  atoms  of  Ho  which  it  contains  (usocialed  with 
carbonyl}     Moreover,  it  now  appears  why  the  basicity  may  be 

1  This  theory  of  the  constitution  of  organic  acid,  which  has  been  recently 
advanced  and  ahandantly  illastrated  by  Professor  Frank]and,.of  LoDdoD,.i8  out 
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less  than  the  atomicity;  for  the  last  is  measured  bj  the  iotd 
number  of  Ifo  atoou  present,  however  united  to  the  nudeos  of 
the  compound  (43).  But  while  the  hydrogen  of  all  the  & 
atoms  in  a  compound  may  be  displaced  by  very  po^itiTe  vxHr 
alSy  or  compound  radicals  of  either  class,  we  can  only  displace 
by  double  decomposition  with  bases  the  hydrogen  of  tjioee  atom 
which  are  associated  with  carbonyL 

The  explanation  of  this  important  principle  seems  to  be  ♦fc**, 
while  a  strong  positive  metal,  such  as  sodium,  will,  like  a  pow- 
erful magnetic  pole,  increase  the  attraction  of  the  point  ofaffio- 
ity  to  which  it  is  opposed,  and  thus  give  to  it  an  energy  it 
would  not  otherwise  possess,  yet  in  the  ordinary  metathetiol 
reactions  the  atoms  of  hydrogen  cannot  be  displaced  unless  th^ 
are  in  a  polar  condition,  such  as  is  determined  by  their  associ- 
ation with  carbonyl. 

417.  Carbonic  Sulphide,  CSg,  -*  Charcoal  bums  in  an  at- 
mosphere of  sulphur  vapor  with  almost  as  much  energy  as  k 
oxygen,  forming  a  colorless  gas,  wliich  at  the  ordinary  tempa«* 
ature  of  the  air  condenses  to  a  very  volatile  liquid,  distinguisiMd 
for  its  very  great  refractive  and  dbpersive  power,  and  mid 
used  in  the  arts  as  a  solvent  of  phosphorus,  sulphur,  and  caon^ 
chouc  The  compound  CS  has  never  been  obtained  in  a  free 
state,  but  the  following  reactions  indicate  that  it  exists  at  id 
acid  radical  in  certain  sulphur  salts  (38). 

K,S  +CS,  =  K,'S,'C&  [MS] 

{Pb'Oi-{NO^\  +  K,-SrCS  +  Aq)  = 

Pb-S,-CS+  (2K'0'yO^  +  Ag).  [884] 

Pb'S,'CS+{II,S+Aq)  =  PbS+{fffSfCS+Aq).  [3«] 

CARBON  AND  NITROGEN. 

418.  Cyanogen.  CN.  —  Although  carbon  will  not  eombiae 
directly  with  nitrogen,  yet  when  heated  in  an  atmosphere  d 
this  gas,  and  in  the  presence  of  a  strong  alkaline  ba«e,  the  tw« 
elements  unite  with  the  alkaline  metals,  and  the  resulting  pi^ 

of  the  mmt  important  contribntionn  recently  made  to  Chemtstrr,  and  ttitaii^ 
thor  would  here  scknowled^  his  fi;reiit  indebtednera  to  the  papers  c^thit  fl^ 
iMot  diemiit  in  the  preparation  of  the  present  division  of  thU  work. 
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duct  contiuns  die  compound  radical  CN^  with  which  the  etu- 
dent  is  already  familiar,  under  the  name  of  cyanogen. 

K^-O/CO  +  4C7+  y^irz=  2K'CN+  SCO.    [386] 

Like  carbonyl,  cyanogen  is  a  very  strong  negative  or  acid 
radical,  and,  if  w«  accept  the  theory  of  Frankland,  we  need  admit 
no  other  acid  radical  than  these  two  ^  in  investigating  the  whole 
range  ot  oiganic  compounds."  *  In  many  of  its  chemical  relations 
cyanogen  closely  resembles  the  elements  of  the  chlorine  group, 
forming  many  compounds  which  are  analogous  to  the  corre- 
sponding chlorides,  bromides,  and  iodides,  but  in  other  respects 
it  differs  widely  from  these  elements,  both  on  account  of  its 
compound  nature,  and  the  singularly  complex  relations  of  the 
two  elements  of  which  it  consists.  Its  univalent  condition  is 
an  obvious  result  of  the  atomicities  of  its  two  constituents. 

419.  Cyanogen  Gas,  ON- ON  or  CyCyy  bears  the  same  re- 
lation to  the  radical  CN  that  chlorine  gas  bears  to  the  element 
chlorine  (69),  (113).  It  is  easily  made  by  heating  mercuric 
cyanide. 

HgCy,  —  Hg  +  (Sr<Sy.  [887] 

At  the  same  time  a  brown  non-volatile  product  is  formed  which 
is  called  paracyanogen.  This  body  is  isomeric  with  the  gas, 
but  probably  represents  a  more  condensed  molecular  condition, 
and  is  converted  wholly  into  cyanogen  when  heated  in  an  inert 
atmosphere. 

Cyanogen  has  been  condensed  to  a  liquid,  boiling  at  — 20^.7, 
and  freezing  below  — 34^,  which  is  its  melting-point.  The  gas 
is  colorless,  has  a  suffocating  odor,  and  is  poisonous.  It  burns 
with  a  beautiful  flame,  which  recalls  the  color  of  peach-blossoms, 
and  the  products  of  its  combustion  are  00^  and  N^N.  It  dis- 
solves in  water,  but  not  so  freely  as  in  alcohol.  The  aqueous  so- 
lution, moreover,  is  not  permanent,  for  the  cyanogen  slowly  unites 
with  the  elements  of  water,  dianging  into  ammonic  oxalate. 

CZ^-Cy  +  4/rjO  =  {NH;i^^O^-C^O^  [388] 

I  There !»,  howerer,  a  clan  of  tomewhat  obtcnre  acids,  formed  by  the  action 
of  Hr  0^=8 Ot  OD  various  organic  substances,  in  which  Uie  radical  {Ho-SO^Y 
appears  to  play  the  same  part  as  the  radical  oxatyl  in  the  compounds  just  no- 
ticed. Snch  bodies  were  formerly  said  to  be  copulated  or  conjugated,  and 
these  terms,  though  latterly  discanled,  were  not  wholly  inappropriate- 
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On  the  other  hand,  when  ammonic  oxalate  is  heated  the  actioo 
b  reversed,  and  these  facts  show  how  easily  carbonyl  and  cyan- 
ogen are  convertible.  Cyanogen  unites  directly  with  potassium, 
forming  K-CN, 

420.  Hydrocyanic  Add,  H-  CN.  —  The  anhydrous  acid  (a 
combustible  and  very  volatile  liquid)  is  most  readily  obtained 
by  passing  H^S  over  HgCy^  but  a  solution  of  the  acid  in  water 
(the  prussic  acid  of  pharmacy)  may  be  made  by  distilling  po- 
tassic  cyanide  or  ferro-cyanide  with  dilute  sulphuric  acid. 

Hydrocyanic  acid  has  the  peculiar  odor  of  bitter  almondst 
and  is  intensely  poisonous.  It  is  a  very  unstable  body,  and 
both  the  hydrous  and  the  anhydrous  acid  undergo  spontaneous 
decomposition,  which  is  greatly  accelerated  by  the  action  of  the 
light  When  diluted  with  water,  and  mixed  with  a  mineral 
acid,  it  is  more  permanent,  but  it  is  so  volatile  that  even  the 
very  dilute  acid  used  in  pharmacy  rapidly  loses  strength  when 
exposed  to  the  air. 

By  absorption  of  the  elements  of  water  both  ammonic  oxalate 
and  ammonic  formate  are  slowly  formed  in  the  aqueous  acid. 
The  first  by  a  reaction  similar  to  [388],  and  the  second  thus, 

H'  CN  +  2^,  0  =  NH^-  0'(  CO'H).  [389] 

Ammonic  Fonnatt. 

When  the  vapor  of  ammonic  formate  is  passed  through  a  red- 
hot  tube,  the  last  reaction  is  reversed.  In  like  manner,  when 
hydrocyanic  acid  is  mixed  with  hydrochloric  acid  (both  concen- 
trated), we  have 

H-  CN  +  HCl  +  2/r,  0  =  H'  0-{  CO-H )  +  NH^  CI  [890] 

Fonnlc  Add. 

421.  Cyanides,  —  Hydrocyanic  acid  reddens  litmus  feebly, 
and  potassic  cyanide  has  an  alkaline  reaction  (39).  It  however 
freely  dissolves  HyO^  forming  HgCy^  and  in  a  similar  way  (or 
more  readily  by  metathesis  from  potassic  cyanide)  a  large  num- 
ber of  metallic  cyanides  may  be  obtained.  The  alkaline  cyan- 
ides are  very  soluble  in  water,  and  several  of  the  cyanides  of 
tlie  heavier  metals,  like  HgCy^  dissolve  to  a  limited  extent. 
Most  of  them,  however,  are  insoluble  in  pure  water,  but  with 
few  exceptions  they  all  dissolve  freely  in  solutions  of  the  alkir 
line  cyanides,  with  which  they  form  double  salts,  and  solutions 
of  AgCy  and  AuCy  in  {KCy  4-  Aq)  are  very  much  used  in 
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the  process  of  electroplating.  The  douhle  cyanides  are  a  still 
more  definite  and  numerous  class  of  salts  than  the  simple  cyan- 
ides.   Among  them  we  may  cite  as  examples 

AgCy  .  KCy        and         ZnCy^  .  2K0y. 

All  these  cyanides  contain  cyanogen  as  such,  and,  with  few 
exceptions,  when  heated  with  dilute  hydrochloric  acid,  they 
yield  HCy^  and,  if  soluble,  are  violent  poisons.  There  is,  how- 
ever, another  class  of  compounds  formed  by  combining  with  thia 
alkaline  cyanides  the  cyanides  of  iron,  cobalt,  chromium,  pla- 
tinum, and  a  few  of  the  rarer  metals,  which  do  not  evolve 
HCy  under  the  influence  of  hydrochloric  acid,  and  have  not  the 
same  deadly  character.  Moreover,  the  metals  which  they  con- 
tain cannot  be  displaced  by  the  usual  metathetical  methods. 
Hence  we  have  come  to  the  conclusion  that  these  bodies  are  not 
simple  cyanides  of  the  metals,  but  contain  far  more  complex 
radicals,  of  which  the  metals  just  mention%d  form  a  part.  The 
most  important  of  these  compounds  are  described  in  the  next 
two  sections. 

422.  Ferrocyanides.  R^{FeC^N^)  or  R^Cfy.  —  Potassic 
ferrocyanide  (yellow  prussiate  of  pota'^h),  K}Cfy^  is  an  impor- 
tant commercial  product,  manufactured  on  a  large  scale  by  fus- 
ing nitrogenized  animal  matter  with  potassic  carbonate  and  iron- 
filings,  lixiviating  the  resulting  mass  with  water,  and  crystalliz- 
ing. The  salt  forms  large  yellow,  square,  tabular  crystals,  is 
very  much  used  in  dyeing,  and  is  the  primary  source  of  all  the 
cyanogen  compounds.  It  may  also  be  made  from  KOy  or  HCy 
by  the  following  reactions :  — 

FtS  +  ^K'CN=  K,^{FeC^^)  +  K^S.        [391] 

1.  2Fe^Os  +  3FeO+lSff'CN  = 

lFe,-]^i(Fea^e)z  +  ^H^O.  [392] 

PniMiaii  Bine. 

2.  lFe;\^Cfy^-{-{\2K'Ho  +  Aq):= 

2[i^«JLffi>,  +  {^KiCfy  +  Aq).  [393] 

When  fused,  the  ferrocyanide  is  partially  decomposed,  yield- 
ing potassic  cyanide,  which  is  made  in  great  quantities  in  this 

K^{FeC^.)  =  iK'CN+  FeC^  +N-N.       [894] 
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way.     By  previoasly  mixing  the  fenocyanide  with  potaak 

caiiwnate  a  larger  product  is  obtained,  but  less  pore,  tm  pntMrir 
cyanate  is  formed  at  the  same  time* 

5K-CN+  K'O-CN^  re  +  CO,  [395] 

From  the  solution  of  the  potassium  salt  Yarions  ferrocraaidB 
are  easily  prepared  by  simple  metathesis,  and  several  of  tbea 
have  striking  and  characteristic  colors.  Thus,  when  the  sob- 
tion  is  mixed  with  hydrochloric  add  and  ether,  hjdny-femxj- 
anic  acid  is  precipitated. 

KfCfy  +  4JICI  =mCfy'\-  4^CL  [S96] 

With  a  ferric  salt  we  obtain  Prussian  blue  (ferrio  femcj- 

anide). 

(2[^«JiC4  +  ZK,Wfy  +Aq)  = 

[i^^l^QTy,  4-  (12irCZ  +  Aq).  [897] 

Hence  the  origin  of  the  name  cyanogen  (ffuoyor  ytwp6m)n 

With  a  ferrous  salt  the  precipitate  is  white  or  nearly  mh  Int 
becomes  blue  in  contact  with  the  air. 

{Fe-Ck  +  K^Cfy  +  Aq)  =  K^Fe^Cfy  +  {2KCI  +  Aq). 

[398] 


Blue. 


With  cupric  salts  we  have  a  red  precipitate^ 

{2Cfu'0,=S0,  •\.K,'^Cfy+  Aq)  = 

Cfu^iC/y  +  (2ir,-0,-5O,  +  Ag).  [899] 

The  soluble  ferrocyanides,  as  a  rule,  crystallize  readilj«  and 
the  crystals  usually  contain  several  molecules  of  water,  thus:— 

Na,Cfy  .  1 211  fi,         Na.K^Cfy  .  6^,0.  Ba^CJy  .  SH.ft 

K^BaiC/y.    311,0,  Zn^Cfy  .  3H,0,     (C^Hj^Cfy  .  SH/X 

423.  Ferricyanidei.  —  By  passing  rV-CY  through  a  sdotioa 
of  K^Ofy  a  compound  is  formed,  K^Cfy^^  containing  the 
hexad  radical  {Cfy'Cfy)%  which  sustains  the  same  relation  to 
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Ofy  that  T^  bears  to  [  Ti^  On  evaporating  the  solution  we 
obtain  the  salt  in  deep-red  crystals,  which  are  an  article  of 
commerce  under  the  name  of  red  prussiate  of  potash* 

(2K^^Gfy  +  Cl-a  +  Aq)  — 

i^lQfy^']  +  2KCl+Aq).  [400] 

Other  ferricja&ides  may  be  obtained  from  the  potassium  salts 
by  metathesis. 

With  a  solution  of  potassic  ferricyanide  ferrous  salts  give  a 
deep-blue  precipitate  called  TumbuU's  blue. 

{^Fe^Ck  +  K^Gfy,-]  +  Aq)  = 

Fe^iOfy,'\  +  {^KCl  -f  Aq).  [401] 

Ferric  salts,  on  the  other  hand,  give  no  precipitate,  and  it 
will  be  noticed  that,  while  these  salts  give  a  blue  precipitate 
with  the  ferrocyanides,  the  ferrous  salts  give  a  blue  precipitate 
only  with  the  ferricyanides.  Hence,  a  simple  means  of  distin- 
guishing the  two  classes  of  salt. 

424.  Other  Gompoundi  of  Oytxnogen*  —  Chlorine  forms  with 
cyanogen  three  polymeric  compounds. 

Oy-  01  (Sp.  Gr.  30.7),  (  Oy^) = Ok  (Sp.  Gr.  61.5), 

Om.  Liquid. 

(qW«04  (Sp.  Gr.  92.1). 
In  like  manner  there  are  three  polymeric  oxygen  acids. 

Cyanie  Add.  DI«7Hite  Aeld.  C^aaorio  Add. 

The  tendency  to  polymerism  (70),  here  manifested,  is  a  re- 
markable feature  of  the  cyanogen  compounds,  and  gives  rise  to 
products  of  great  complexity,  most  of  which,  however,  have  been 
but  little  studied.  Their  condensed  molecules  are  evidently 
held  together  by  complex  radicals  formed  by  the  coalescing  of 
several  atoms  of  cyanogen,  and  it  is  evident  that  the  atomicity 
of  such  radicals  must  be  equal  to  the  number  of  elementary  atoms 
of  any  one  kind,  nitrogen  or  carbon,  of  which  they  consist.  On 
the  same  principle  the  constitution  of  the  ferro-  and  ferri-cyan- 
ides,  as  well  as  that  of  paracyanogen,  may  be  explained* 
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425.    CyanaUi,  —  C)^anic  acid,  referred  to 
important  cLus  of  salts  which  have  a  great 
on  account  of  the  remarkable  transformatiou^  ot  whicit  warned 

m 

them  are  susceptible.     Potassic  cyanate  is  readiljr  pn^parvd  n 
dropping  litharge  into  the  fused  cyanide,  or  ferfocjaaidfc.  • 

long  as  tlie  oxide  u  reduced. 

KOy  +  PbO  =  K'O'Oy -{- JP^  [4«] 

In  order  to  crystallize  the  salt  the  fused  mads  should  be  ex- 
bauMted  with  alcohol  of  80%,  since  on  evaporating  an  aqt 
solution  the  salt  is  nlowly  decomposed.     The  same 
place  rapidly  wlien  the  salt  is  heated  with  potassic  bjdj 


When  potassic  cyanate  is  mixed  in  solution  with  amiDoiik 
sulphate  a  metatheMis  takes  place,  but  the  resulting  ^nr^nrMm^f 
cyanate  is  at  once  transformed  into  a  remarkable  compound- 
ammonia  or  amine  (1C7)  called  urea, 

NH,'0'GN=  H^H^NfOO,  [404] 

and  by  this  reaction  the  synthesis  of  this  complex  organic  pro- 
duct was  first  obtained. 

The  most  interesting  of  the  cyanates  are  the  compounds  caOed 
cyanic  ethers,  in  which  methyl,  ethyl,  &c  are  the  basic  radicak 
They  are  easily  obtained, 

K-0'Cy+ a;  an,'  OfSo^ = k^-  o,«5'o, + Q^-  o-  cv,  r4a5i 

Dlirtillod  togethMT.  ^y'     I.         J 

and  the  investigation  of  the  many  wonderful  transformations  of 
which  they  are  susceptible  was  one  of  the  most  important  steps 
in  the  progress  of  organic  chemistry. 

As  cyanic  acid  when  heated  with  an  excess  of  potash  yieUi 
ammonia,  so  these  cyanic  ethers  yield  various  amines. 


The  following  reactions  are  equally  instructive  :  — * 
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C^fO-CN-^  H-O-CAO  = 

A^AM.    H,C^„G^H»0*N -\-  COr  [408] 

£thjrlMetamide. 

2C^H,'0'CN -{^  H^O  =  H^{CJI,)fN^-CO  +  GO^  [409] 

Dletlijrlcarbuiida. 

The  above  reactions  will  appear  more  simple  if  the  symbols 
of  the  cyanic  ethers  are  written  after  the  ammonia  type  thus, 
C^H^,  00=Ny  and  that  this  is  their  true  constitution  is  rendered 
probable  by  the  fact  that  a  body  has  recently  been  discovered 
called  cyanetholine,  which  appears  to  be  a  true  cyanic  ether. 
It  is  made  by  the  reaction 

Na-0-C,H,+  CyCl  =  NaCl+  C^.OOy;  [410] 

and  when  acted  upon  by  potash  it  yields,  not  ethylamine,  but 
common  alcohol.     (Prob.  3,  page  77.) 

426.  Salpho'cyanates,  —  By  fusing  potassic  cyanide  with 
sulphur  we  obtain  the  sulphur  salt  corresponding  to  potassic 
cyanate,  or  KS'Cy^  and  from  this,  as  from  the  cyanate,  a  large 
number  of  compounds  niay  be  derived.  Potassic  sulpho-cyan- 
ate,  although  without  action  on  the  ferrous  compounds,  strikes 
a  deep-red  color  in  a  t^lution  which  contains  the  least  trace  of 
a  ferric  salt,  and  for  this  reason  is  a  very  useful  reagent 
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427.  ^^  Organic  Chemistry. ^^ — It  has  already  been  stated  that 
organized  beings  consist  of  materials  composed  chiefly  of  carbon, 
hydrogen,  oxygen,  and  nitrogen ;  but  few  as  are  the  chemical 
elements  concerned  in  the  processes  of  organic  life,  nevertheless 
the  number  of  compounds  which  have  been  discovered  in  the 
tissues  of  animals  and  plants,  or  formed  by  their  chemical  met- 
amorphosis, is  exceedingly  great  Such  compounds  are  called 
Organic  Compounds,  and  in  works  on  chemistry  they  are  usually 
studied  together  under  the  separate  head  of  Organic  Chemistry. 

While  the  molecules  of  mineral  compounds  consist  for  the 
most  part  of  only  a  few  atoms,  those  of  organic  compounds  fre- 
quently contain  a  very  large  number,  and  the  diversity  in  or- 
ganic chemistry  is  obtained,  not  by  multiplying  the  number  of 
elements,  but  by  varying  the  molecular  grouping.    It  was  for- 
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merly  supposed  that  the  great  complexity  thus  prodaoed 
sustained  by  what  was  called  the  vital  principle  ;  but  although 
the  cause  which  determines  the  growth  of  organized  beings  is 
still  a  perfect  mystery,  we  now  know  that  the  materials  of  which 
they  consist  are  subject  to  the  same  laws  as  mineral  matter,  and 
the  complexity  may  be  traced  to  a  peculiar  quality  of  carbon 
already  described.^  The  atoms  of  carbon  are  prone  to  combine 
among  themselves,  and  the  same  tendency  which  appears  in 
several  of  the  elements  to  a  limited  extent  is  developed  in  the 
case  of  carbon  to  a  very  high  degree.  Carbon  is  the  skeleton 
of  an  organic  compound  in  a  peculiar  sense.  Its  atoms,  loc*ked 
together  like  so  many  vertebrae,  form  the  framework  to  which 
the  other  elements  are  fastened,  and  thus  a  complex  molecular 
structure  is  rendered  in  a  wonderful  measure  comp>act  and  stable. 

Organic  chemistry  is  simply  the  chemistry  of  tlie  compounds 
of  carbon,  and  has  no  distinctive  character  except  that  which 
the  peculiar  qualities  of  this  singular  element  give.        More* 
over,  although  in  a  compendium  of  the  science  it  may  be  con- 
venient, or  even  necessary,  to  distinguish  between  mineral  and 
organic  chemistry  on  account  of  the  great  preponderance  and 
importance  of  the  compounds  of  carbon ;  yet  in  a  work  on  Chem* 
ical  Philosophy,  where  the  object  is  not  to  enumerate  facta, 
there  seems  to  be  no  good  reason  for  departing,  in  the  csAe  of 
this  single  element,  from  the  general  scheme,   or  treating  it 
more  fully  than  is  required  to  illustrate  the  new  and  important 
principles  which  it  presents  to  our  notice.     Indeed,  in  an  ele- 
mentary  work  no  other  course  is  possible,  since  a  mere  list  of 
the  known  compounds  of  carbon  would  fill  a  large  volume. 

428.  Hydrocarbons,  — If  we  conceive  that  the  carbon  atoms 
of  the  successive  molecules  are  held  together  by  the  smalleivt 
possible  number  of  bonds,  then,  as  shown  in  (34),  the  symbols 
of  the  possible  hydrocarbon  compounds  of  this  cla9s  would  be 
expressed  by  the  general  symbol  C^Hn^^f,  and  each  number  of 
the  series  would  differ  from  the  preceding  by  CJIf,  Again,  if 
we  conceive  that  the  skeleton  of  carbon  atoms,  instead  of  pre* 
senting  at  either  end  an  open  affinity  as  in  Fig.  a,  forms  a 
closed  chain  as  in  Fig.  6,  the  hydrocarbon  atoms  of  thl^  second 
class  would  be  expressed  by  C^B^,  and  form  another  series  with 
a  constant  difference  as  before  of  Clf^     Lastly,  if  we  start  with 

1  The  stadoDt  should  very  oarefblly  rsTiew  (34)  in  this  connection. 
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a  nucleus  of  carbon  atoms  grouped  together  as  in  Fig.  c,  form- 


fig.  a. 

VIg.  k 

Fig.  t. 

II       1      1      1      1 

c-o-c-o-c-c- 

1       1       1       1      1       1 

1           1 

G  •  0 

-0            C' 

0  -  G 

ing  the  hydrocarbon  O^H^  and  add  to  this  successive  incre- 
ments of  CH^  we  obtain  still  a  third  series  of  hydrocarbons 
expressed  by  the  symbol  C.^.e. 

Each  of  the  above  symbols  represents  a  series  of  actual  com- 
pounds, of  which  many  members  are  known,  as  shown  in  the 
table  on  page  477.  Moreover,  the  hydrocarbons  of  any  one 
series  all  sustain  the  same  general  relations  to  chemical  reagents, 
undergo  similar  changes  when  exposed  to  the  same  influenoeSi 
and  present  a  regular  gradation  in  their  physical  properties  cor^ 
responding  to  the  change  in  their  composition.  Compounds  so 
related  are  said  to  be  homologues,  and  such  a  series  is  called  an 
homologous  series. 

Obviously,  however,  the  three  series,  whose  relations  have 
been  just  described,  do  not  include  all  the  possible  hydrocarbons, 
for,  starting  with  any  one  of  the  more  complex  molecules  of  the 
first  class,  in  which  the  carbon  atoms  are  united  by  the  smallest 
possible  number  of  bonds,  we  may  assume  that  the  open  bonds 
are  successively  closed  two  by  two  by  the  more  intimate  union  of 
the  carbon  atoms  among  themselves,  and  we  shall  thus  obtain  a 
derived  series,  whose  successive  members  differ  by  the  quantity 
2/2.  The  general  symbol  of  such  a  series  would  be  0|,/?^,_b,)+i; 
the  first  term  being  O^B^^^*  ^  standing  for  the  number  of 
the  required  term  counting  from  the  first  Compounds  thus 
related  are  termed  isologues,  and  it  is  obvious  that  tho-^e  hydro* 
carbons  in  the  three  series  of  homologues  exhibited  above, 
which  contain  the  same  number  of  carbon  atoms,  are  members 
of  the  same  series  of  isolognes ;  but  it  is  also  obvious  that  be- 
sides these  three  an  indefinite  number  of  parallel  homologous 
series  are  theoretically  possible.  The  student  will  best  under^ 
stand  the  relations  of  this  scheme  by  tabulating  the  possible 
compounds,  arranging  the  homologues  in  parallel  columns  with 
the  isologues  on  the  same  horizontal  line.     He  will  thus  see 
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that  there  is  no  limit  to  the  Dumber  of  hjdrocarboDBy  except 
that  fixed  by  the  instability  of  the  resulting  molecules. 

A  table,  prepared  as  just  directed,  would  noty  however,  ex- 
hibit all  the  possibilities  in  this  scheme  of  the  hjdrocarboDfl^ 
since  we  may  conceive  of  the  atoms  of  each  of  the  more  com- 
plex compounds  as  arranged  in  different  ways,  and  thus  giviiw 
rise  to  one  or  more  isomeric  modifications.  For  example,  we 
may  construct  the  symbol  of  the  hydrocarbon  C^H^^  as  indicated 
by  either  of  the  rational  formulae  (G'C-C'C)x  Hy^  or  Ci(  CH^)^ 
and  with  a  little  ingenuity  the  student  will  readily  discover  in 
any  case  the  number  of  such  commutations  possible,  only  he 
must  carefully  distinguish  between  a  mere  arbitrary  change  in 
the  relative  position  of  the  atoms  and  a  fundamental  difference 
of  arrangement.  The  last  alone  implies  a  difference  of  quali- 
ties in  the  substance  which  the  formulae  represent,  and  indicates 
the  possibility  of  isomeric  modifications.  Review  in  this  con- 
nection (70). 

It  must  not  be  supposed  that  all  the  hydrocarbons  which  our 
theory  prefigures  are  actually  possible,  that  is,  represent  com- 
pounds which  either  have  been  or  may  be  isolated ;  for  as  yet 
the  theory  has  taken  into  account  but  one  condition,  namely,  the 
atom-fixing  power  of  carbon,  and  many  causes  may  intervene 
to  render  unstable  the  compounds  which  are,  from  this  one  point 
of  view,  theoretically  possible.  As  the  number  of  carbon  atoms 
increases,  a  condition  is  soon  reached,  when,  if  we  may  so  ex- 
press it,  the  molecule  cannot  sustain  its  own  weight,  and  in  all 
cases  the  atoms  must  be  so  grouped  as  to  preserve  certain  polar 
relations  between  its  several  parts.  As  yet,  however,  we  do 
not  understand  the  laws  which  determine  molecular  stability, 
and  cannot,  therefore,  foresee  the  result  in  a  given  case,  so  that 
we  are  unable  to  control  our  algebraic  method.  Still,  with  all 
this  uncertainty  the  theory  has  its  value,  and  not  only  serves 
for  the  time  to  classify  our  facts,  but  gives  us  one  of  those 
glimpses  of  the  order  of  creation  which  are  the  greatest  privi- 
lege that  the  student  of  nature  enjoys. 

But  with  all  the  limitations  which  the  conditions  of  stability 
impose,  the  number  of  possible  hydrocarbons  must  be  very  large, 
and  the  compounds  actually  known  can  form  but  a  very  small 
portion  of  those  which  may  hereafter  be  isolated.  The  series  of 
homologues  given  on  page  477  include  the  greater  part  as  well 
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as  the  most  important  of  the  known  compounds  of  this  class. 
Of  other  series  a  few  members  here  and  there  have  been  recog- 
nized, but  in  regard  to  most  of  these  our  kno^edge  is  imperfect 
and  uncertain.  Many  hydrocarbons  are  found  in  a  free  state 
in  nature,  but  mixed  together  in  the  petroleums,  and  in  those 
combustible  gases  like  the  fire-damps  of  coal-mines  which  are 
evolved  from  the  earth  in  many  localities.  Others  are  found 
among  the  products  of  the  dry  distillation  of  coal,  wood,  or  other 
organic  tissues,  and  in  either  case  the  individual  compounds  are 
isolated  by  various  processes  of  fractional  distillation.  Others, 
again,  have  been  obtained  by  various  chemical  reactions,  and 
of  these  a  few  of  the  more  characteristic  are  given  below :  — 


Marsh  G(u  Series 

i 

Acetylene  Series. 

^n^fn  +  t. 

B.  P. 

CnB^-t 

• 

Methylic  Hydride 

cn; 

Acetylene 

C,H, 

Bthylic  Uydride 

CtH. 

AJlylene 

cifii 

Propylic  Hydride 

C,H. 

Crotonyl 

ene 

CiH;, 

Butylic  Hydride 

Q^to 

o».o 

Valerylene 

C,H. 

Amy  lie  Hydride 

^Hu 

80».2 

AllylT 

C^f 

Hexylic  Hydride 

^«i4 

61».8 

HeptyUo  Hydride 

CVH,. 

90«».4 

Octylie  Hydride 

C,H,. 

n»*.6 

NonyUc  Hydride 

c,f^ 

16(y».8 

Olejiant 

Gas  Series 

• 

Essential  OUs. 

CnH^ 

B.  P. 

C.fl».-4 

Ethylene 
Propylene 

—irs 

OQ  of  TnrpentliM 

^^a^iM 

Batylene 

C,H. 

-fSS'-O 

Amylene 

CiHio 

66«».0 

Hezylene 

C^H^ 

89<'.0 

Heptylene 

CjH,, 

66».0 

Octylene 
Nonylene 

96«0 
UB^.O 

Phenyl  Series, 

Decatylene 

Cio^ 

174».9 

C/_/j«_       m 

B.  P. 

Bndecatylene 

OiiH^ 

196».8 

»       *l  — O 

Dodecatylene 

Ci^H^ 

2180.2 

Benaol 

cifl; 

82«> 

Tridccatylene 

C^fi^ 

2860 

Tolnol 

CrH. 

IIP 

Cetene 

^i«^^ 

Xylol 

(\«X0 

129» 

Cerotene  (parafllne) 

CtfH^ 

270» 

Cnmol 

C^xt 

148» 

Melene 

Q»^^ 

878» 

Oymol 

^0^14 

176« 

Several  of  the  terms  in  the  above  series  are  represented  by 
at  least  two  isomeric  compounds.  Thus  we  find  in  the  Penn- 
sylvania petroleums,  mixed  with  the  last  six  members  of  the 
marsh  gas  seriej»,  five  other  hydrocarbons,  Q^o  to  Cg^  iden- 
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tical  in  composition,  but  having  boiling-points  uniformly  eight 
degrees  higher.  The  common  difference  between  these  boiling- 
points  (which  hye  been  determined  with  great  accuracj)  is 
very  nearly  30°,  and  it  is  probable  that  a  similar  constancy 
would  appear  in  all  series  of  truly  homologous  compounds,  and 
the  discrepancies  noticeable  in  several  members  of  the  series  as 
above  exhibited  are  probably  to  be  Teferred  to  the  fact  that 
bodies  are  here  included  which  do  not  belong  to  the  same  tjrpe. 
429.  Marsh  Gas  Series.  C^H^^^  —  Molecules  having  this 
composition  must  necessarily  be  closed  and  saturated.  Henoe 
the  hydrocarbons  of  this  class  are  indifferent  bodies,  but  tbej 
readily  yield  substitution  compounds  containing  chlorine  and 
bromine.  Thus,  when  we  act  on  marsh  gas  {CH^  with  chlo- 
rine, hydrochloric  acid  is  formed,  and  we  obtain  either  CH^Cl, 
GH'Cl^  CCl^^  or  (7,  the  products  of  the  reaction  varying  with 
the  conditions  of  the  experiment  and  the  proportions  of  the  fac- 
tors. Marsh  gas  may  be  obtained  perfectly  pure  from  zine 
methide  (324),  which  is  decomposed  by  water,  as  shown  by  the 
following  reaction :  — 

Zn-'{CH;)^  +  2H^0  =  Zn-O^^H^  +  2CH^.      [411] 

By  a  similar  reaction  ethylic  and  amylic  hydrides  can  be  ob- 
tained from  zinc  ethide  and  zinc  amylide. 

The  first  member  of  the  series  has  long  been  known  as  a 
product  of  the  decomposition  of  veijotable  tissue  under  water, 
and  hence  the  trivial  name  Marsh  Gas.  It  is  the  chief  constit- 
uent of  the  fire-damp  of  conl-mines,  and  of  common  illuminating 
gas  obtained  by  the  dry  distillation  of  coal.  It  is  most  conven- 
iently prepared  by  heating  potassic  acetate  with  a  large  excess 
of  potassic  hydrate  mixed  with  quicklime. 

K'O'C^H^O  +  K'  0-H=  K^^O^^CO  +  ^SI^.  [412] 

It  can  also  be  obtained  by  either  of  the  following  reactions,  bat 
they  have  only  a  theoretical  interest 

ecu  +  ^H-H=  \HCl  +  Cfl;.  [413] 

C^CTa  +  3ff'ff=  SffCl  +  Off,.  [414] 

(93,  -f  2SIsS  -f  4Ca  =  4CaS  +  (33i^    [415] 
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The  first  two  reactions  are  obtained  bj  reducing  carbonic  chlo- 
ride or  chloroform  with  nascent  hydrogen^  the  last  by  passing 
H^S  gas  mixed  with  CS^  vapor  over  ignited^pper. 

]\Iarsh  gas  has  no  sensible  qualities,  and  has  never  been  lique- 
fied. Like  the  other  members  of  the  series  it  is  highly  combus- 
tible, and  bums  with  a  luminous  flame. 

Marsh  gas  and  its  homologues  may  be  regarded  as  hydrides 
of  radicals  having  the  general  form  C^H^^^^  and  we  are  al- 
ready acquainted  with  many  compounds  in  which  these  atomic 
groups  manifest  a  marked  individuality.  Ethylic  iodide  is  easily 
prepared,  and  by  acting  on  this  compound  with  zinc  we  obtain 
a  hydrocarbon  which  may  be  regarded  aa  the  corresponding 
radical  substance. 

2C^H,'I+  Zn  =  Znl,  +  CJIfCJIy  [416] 

In  like  manner  similar  products  may  be  obtained  with  several 
of  the  homologous  compounds,  and  by  using  iodides  of  two  radi- 
cals simultaneously  the  so-called  double  or  mixed  radicals  may 
be  produced. 

CHfI+  C^fl+  Zn  =  ZnI^+  CH^'C^^    [417] 

These  hydrocarbons,  however,  are  all  isomeric,  if  not  identical, 
with  the  normal  terms  of  the  marsh  gas  series. 

430.  OUfiani  Gas  Series.  C^H^  —  Molecules  of  this  type 
are  not  necessarily  closed,  but  are  capable  of  fixing  two  addi- 
tional monad  atoms,  and  of  acting  as  dyad  radicals.  The  first 
member  of  tl^e  series  was  discovered  by  an  association  of  Dutch 
chemists  in  1795,  who,  noticing  its  characteristic  property  of 
combining  directly  with  chlorine,  called  it  defiant  (oil  making) 
Gas,  because  the  product  of  this  union  is  a  thick  flowing  liquid. 
This  product,  long  known  as  the  Oil  of  the  Dutch  chemists,  is 
ethylene  chloride,  C^H^Cl^  Ethylene  bromide  and  ethylene 
iodide  may  be  formed  in  a  similar  way,  and  the  tendency  to 
form  compounds  of  this  type  distinguishes  this  class  of  hydro- 
carbons, which  are  called,  for  this  reason,  oUtfines,  Moreover, 
the  hydrogen  atoms  of  the  bivalent  radical  may  all  be  replaced 
by  chlorine  or  bromine,  and  the  resulting  compound  still  retain 
the  same  typical  character.  This  is  shown  by  the  following 
reactions :  — 

Cy7,  -f  Br-Br  =  {C^H^i^Brt,  [418] 
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(O^'Br^  +  K'0-ff=  C,ffsBr  +  KBr  +  B^O,  [419] 

Ciff^Br  +  Br-Br  =  (  C^H^BryBr^  [420] 

{C^^BryBr^  +  K'0'H=  CJ£,Br^  +  ^^  +  Z^(9,  [421] 

which  may  be  repeated  with  the  successive  productSy  until  at 
last  we  obtain  C^Br^  and  {O^Br^^Br^  as  the  final  results. 

Olefiant  gas  is  most  readily  obtained  by  heating  alcohol  with 
several  times  its  volume  of  strong  sulphuric  acid.  The  reaction 
is  somewhat  complicated,  but  the  result  is  a  dehydration  of  the 
alcohol,  and  the  same  effect  may  be  produced  with  zincio 
chloride  (323). 

C^H^O  —  H^0=  C^ffr  [422] 

Like  marsh  gas  this  aeriform  hydrocarbon  has  no  sensible 
qualities  save  a  slight  odor,  due  probably  to  a  trace  of  ether. 
It  has,  however,  been  liquefied,  and  is  sliglitly  soluble  in  water. 
Containing  twice  as  much  carbon  in  the  same  volume,  it  bums 
with  a  more  luminous  fiame  than  the  lighter  gas,  and  the  illumi- 
nating power  of  coul-gas  is  due  in  uo  inconsiderable  measure  to 
its  presence.  Olefiant  gas  combines  directly,  not  only  with 
chlorine,  bromine,  &c,  but  also  with  the  hydrogen  acids. 

C,ff,  +  ///=  C,ffJ.  [423] 

Moreover,  it  unites  with  hypochlorous  acid,  forming  a  chlor- 
hydrine. 

C^H^  +  H-0'CI={  C^H^y-Hoy  CI  [424] 

These  reactions  of  olefiant  gas  illustrate  in  general  the  chemi- 
cal relations  of  tliis  series  of  hydrocarbons ;  but  it  is  probable 
that  several  of  those  included  in  the  list  on  page  477,  although 
isomeric  with  terms  of  the  series,  are  really  formed  after  a  dif- 
ferent type.  A  large  number  of  them  are  only  known  as  con- 
stituents of  petroleum  or  products  of  dry  distillation,  and  have 
not  been  prepared  by  any  intelligible  process. 

431.  Acetylene  Series,  C^H^^t,  Acetylene, — This  ga«  is 
formed  by  the  direct  union  of  its  elements,  when  the  current 
from  a  powerful  voltaic  battery  passes  between  carbon  poles  in 
an  atmosphere  of  hydrogen.  It  may  also  be  obtained  by  the 
action  of  water  on  potassic  carbide. 

JTjCi  +  2ff^0  =  2K'0'H+  C^r  [^25] 
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It  is  not  unfrequently  a  product  of  the  incomplete  combustioa 
of  bodies  containing  carbon  and  hydrogen,  and  it  may  also  be 
prepared  in  other  ways.  Acetylene  acts  as  a  dyad  or  tetrad 
radical,  combining  with  nascent  hydrogen  to  form  C^H^  (ethy- 
lene), with  bromine  to  form  Q^H^Br^  or  (\H.^r^^  and  with  hy- 
drobromic  acid  to  form  G^H^Br  or  GJI^Br^  It  is  not  yet  de- 
termined wbetlier  these  bodies  are  identical  with  the  isomeric 
compounds  of  the  olefiant  gas  series.  When  the  gas  is  passed 
through  a  solution  of  cuprous  chloride  in  ammonia,  a  highly 
explosive  compound  is  formed  as  a  red  precipitate,  which  has 
the  composition  ((7j/r[(7tf2])./0,  and  acts  as  a  basic  anhydride. 
The  other  hydrocarbons  of  the  series  have  similar  chemical  re- 
lations, but  have  not  been  thoroughly  studied. 

432.  Allyl,  —  When  allylic  iodide  is  digested  with  sodium 
and  distilled,  we  obtain  a  hydrocarbon  which  has  the  composi- 
tion Ci/Tio. 

Na-Na  +  2{C^H,yi=  2Na-I+  C^fffC^^.      [426] 

This  product,  moreover,  unites  directly  with  one  or  two  mole- 
cules either  of  Br-Br  or  H-I^  and  in  general  its  chemical  rela- 
tions are  those  of  a  homologue  of  acetylene.  But,  as  the^^bove 
reaction  indicates,  it  may  also  be  regarded  as  the  radical  sub- 
stance (22)  corresponding  to  allyl,  and  this  view  is  sustained 
by  the  fact  that  there  is  an  isomeric  hydrocarbon  having  similar 
chemical  relations,  but  different  physical  qualities,  which  is 
more  probably  the  fifth  member  of  the  acetylene  series. 

433.  Essential  Oih,  CJ^H^^^^ — Oil  of  Turpentine  and  many 
other  essential  oils  have  a  composition  represented  by  the  sym- 
bol CioffiQy  and  there  are  a  few  others  which,  although  also  isor 
meric,  must  be  represented  by  a  multiple  of  this  symbol ;  but 
no  other  members  of  the  series  are  known.  Oil  of  turpentine 
combines  both  with  the  hydrogen  acids  and  with  water,  forming 
compounds  in  which  ( Oio^ie)  &cts  either  as  a  dyad  or  a  tetrad 
radical,  and  others  in  which  the  double  molecule  acts  as  a  hexad. 
radical.     Thus  we  have 

(c,„^„)=/f,a,   (c,,H„)^H^a^  (c^Hj'H.a,    {c^h^ih,,ci^ 

Exposed  to  the  air  oil  of  turpentine  absorbs  oxygen,  yielding  a 
resinous  product,  and  the  same  is  true  to  a  greater  or  less  de- 
gree of  the  other  essential  oils.    They  all  appear  to  have  simi- 
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be  ritrmira]  r^l«30i».  and  are  ringularlj  so^epriWeyL^ 
:-.Si',  .M:id.:uw:  hm  on  what  the  differeDoes  betw^c  ja 
»*Aai:-,r  :v»..irts  dspeaid  wp  are  as  ret  ignorant. 

*;.  .V«y  An^V*  r.-fl^.^I-Tbe  hydixcarbon.  rfii 
.  !»<>  ^-  T.«ni  ir  cNvJ^tw-  and  Rangoon  petroleom.  *nd  I:^  * 
i^nK.  : ,  -rarKviA:  diftiiUaticm.  Benzol,  or  benzioe.  » ir 
!!*»,!  »»:.i  .:  :jif  An^  hut  the  commercial  pitMioct  is  mr 
ns..  l...v:^:  •  :h  -^jc  a^x^ated  hydrocarbons.  Wlin  rn 
X  ...»  :KvMa>:«*  *,xii  az  a  low  temperature,  melting  oiiIti::: 
:v ...  .^  n...  t^  .xSuin^i  artificiallj  by  heating  ben»ie  r 
>v!  j^kij."  jk-Mi  V  :;^  aa  exoe»  of  lime. 

Vw.t  .^.  ^ :..  V.  :r-A:i%!  with  chlorine  or  bromine,  yields  a  n» 
V    ,v  >,::x>-,  u^.c:  i.-x>iaot*.     Bv  the  action  of  nitric  icid  « 

N  :::v-he!>.rol  Ci^(irt>,), 

AisUh.n  Hv:t\i  o!i  bv  rvtiuoing ajjents  (as  zinc  and  hydiwhl-jcic 
aoul.  *:::;•.  -.1 A  ::cxi  Mar\>p»n.«Sco.).nitro.benzol  is  conVeneti  ioa 
ai'..lLiu'  y  1  .•7\  iir:vl  t:ui#  Uvonies  the  tfource  of  the  aniline  dv» 

'V\w  v»:hor  hviirwarlKMi*  of  this  ^ries  may  be  regardeti  « 
Ks»»=..iiu'.!u  t'>«^  >:uiu»  gixnip  of  ojirbon  atoms  as  benzol,  and  v 
vUM-n^st  tixMn  it  Sy  rt'pl:u*i»a:  one  or  more  of  its  hydrogen  stems 
with  t)u'  iHitioHl^  methyl,  ethyl,  or  amy].  It  is  evident  that  br 
ivpUoiii^  srvenil  atom^  of  h\*(lro<|:cn  with  methyl  we  shouM  nb- 
lam  a  (Httly  \>f  the  s:une  composition  as  by  replacin<r  a  simje 
Httuii  wiih  n  rtiiheal  rioher  in  carbon,  and  wc  have  abundant 
cvidonet^  ih;kt  com(K>umU  thus  obtained,  though  isomeric,  are 
uot  idrn ileal, 

■^ht*  radiejil  CJ/^.  enllwl  PhfnjfL,  appears  to  be  the  nuclea«  of 
■ifi  hydnvarbons  of  this  series.     By  acting  on  boiling  bensol 
hit>iniue,  we  obtain  the  bromide  of  this  radical, 

Q/5  +  Br-Br  =  CoIffBr  +  ff-Br,  f 4»] 
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and  when  this  product  is  treated  with  sodium  a  hydrocarbon  is 
formed  which  is  regarded  as  the  corresponding  radical  substanoe. 

2  C^HfBr  +  Na-Na  =  C^HfC^H,  +  2NaDr.    [430] 

Benzol  is  then  phenylic  hydride,  and  its  homologues  are  hy- 
drides of  more  complex  radicals,  which  may  be  designated  as 
methyl-phenyl,  dimethyl-phenyl,  &c  Besides  the  hydrocarbons 
included  in  the  five  series  just  described  we  know  also  a  few 
others.  Of  these  the  best  studied  are  phenylene,  Ce/^,  and 
cmnamene,  €^H^  corresponding  to  the  symbol  C^H^^^  and 
napthaline,  Cio^»  corresponding  to  C^H^^-^  They  all  com- 
bine with  chlorine  and  bromine,  and  have  in  general  the  chem- 
ical relations  of  artiad  radicals.  The  last  of  these  especially 
yields  with  these  elements,  besides  the  direct  compounds,  a  very 
large  number  of  substitution  products,  and  the  careful  investiga- 
tion of  these  bodies  by  Laurent  was  an  important  step  in  the 
progress  of  chemistry  (31). 

435.  Hydrocarbon  RadicdU,  —  It  is  evident  from  the  prin- 
ciples developed  in  (22)  and  (28),  and  still  further  illustrated 
in  (34),  that,  by  eliminating  successive  atoms  of  hydrogen, 
each  of  the  possible  hydrocarbons  of  the  scheme  exhibited 
above  may  yield  a  series  of  compound  radicals,  and  that  the 
atomicity  of  such  radicals  is  equal  in  any  case  to  the  number 
'  of  hydrogen  atoms  thus  lost. 

Such  of  these  radicals  as  contain  an  even  number  of  hydro- 
gen atoms  are  necessarily  artiads,  and  isomeric  with  either  ac^ 
tual  or  possible  hydrocarbons.  Moreover,  it  follows  from  (428) 
that  we  may  have  several  artiad  radicals  isomeric  with  each  of 
the  more  complex  compounds.  Thus  we  may  have  two  radicals 
( CiB^y  and  ( C^H^^  isomeric  with  acetylene,  and  the  same  is 
true  of  each  of  the  homologues  of  this  hydrocarbon.  Indeed, 
parallel  to  each  series  of  hydrocarbons,  except  the  first,  we  may 
have  one  or  more  series  of  artiad  radicals  isomeric,  term  by 
term,  with  the  normal  compounds,  and  the  number  of  possible 
isomers  in  any  case  is  the  same  as  the  number  of  the  series  in- 
the  order  of  isolog^es  (428).  It  is,  however,  an  open  question 
whether  such  hydrocarbons  as  ethylene  or  acetylene  are  essen- 
tially different  from  the  radicals  of  the  same  composition  (69), 
and  we  do  not  distinguish  the  radicals  by  separate  names. 

The  hydrocarbon  radicals  which  contain  an  odd  number  of 
hydrogen  atoms  are  necessarily  perissads,  and  cannoty  without 
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reduplication,  exist  in  a  free  state  [416],  [417],  and  [426]. 
Nevertheless,  the  radicals  homologous  with  methyl  and  phenyl 
play  such  an  important  part  in  numberless  chemical  reactiooi| 
and  preserve  tiieir  integrity  tlirough  so  many  changes,  that,  al* 
though  only  known  in  combination,  their  individuality  in  as  wdl 
marked  as  that  of  the  elements  themselves.  Hence  it  is  with 
reason  that  they  have  received  distinctive  names.  With  most 
of  these  the  student  is  already  familiar,  but  to  those  previously 
noticed  we  may  here  add  Vinyl,  Cj/^-,  Glyceryl,  C^H^  (the 
trivalent  condition  of  allyl),  and  the  radical  of  chloroform,  CiT^ 
which  arc  all  important  perissads. 

436  Oxygenated  EadicaU,  —  Unless  associated  with  sooiB 
very  powerful  basic  radical,  Uke  the  alkaline  metals,  the  simple 
hydrocarbons  always  form  basic  or  positive  radicals  (40).  To 
every  such  radical,  however,  corresponds  an  acid  or  negative 
radical  having  the  same  atomicity,  which  is  generated  by  re- 
placing a  portion  of  the  hydrogen  with  oxygen  (34).     Thus :  — 


Methyl 

CH^ 

yields  Formyl 

CHO 

or 

CO-H, 

Ethyl 

CiHi 

"      Acetyl 

C,H,0 

u 

CO-CH^ 

Propyl 

C,H, 

'*      Propionyl 

C,H,0 

u 

co-c^n^ 

Butyl 

C^H^ 

**      Butyryl 

C.HjO 

u 

CO- CM, 

Amyl 

Cj/Tu 

"      Valeryl 

c,n,o 

u 

CO-C^B^ 

AUyl  C^H,         "     Acxyl  C^H^O     «       CO-CA 

Ethylene  C.fT^ yields Glycolyl  CO-C H, and Carbonyl  (^C0\ 
Propylene  C,^,    "      Lactyl      CO-C^H^  **    Malonyl    iCO\»C  H^ 
Acetylene  C//,    "      Acetonyl  COC,^,  **    Succinyl    CCO)^*C,II^ 

If  the  theory  of  (41 6)  is  correct,  it  is  evident  that  the  virtue 
of  these  oxygenated  radicals  depends  entirely  on  the  number  of 
atoms  of  carbonyl  which  are  generated  in  the  hydrocarbon 
radical,  and  we  find  that  only  those  atoms  of  hydrogen  can  be 
replaced  which  are  so  related  to  the  molecule  that  the  atoms  of 
carbonyl  thus  formed  may  have  an  open  bond,  and  bv  the 
addition  of  ^  be  converted  into  oxatyl.  Hence  the  number 
of  oxygen  atoms  which  can  thus  be  introduced  into  the  radical 
can  never  exceed  its  atomicity,  and  the  basicity  of  the  acids 
formed  by  the  union  of  the  resulting  negative  radicals  with  ffo^ 
is  equal  to  the  number  of  oxygen  atoms  which  any  sadi 
tive  radical  contains. 
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ALCOHOLS  AND  THEIR  DERIVATIVES. 

437.  Definition.  —  The  name  of  alcohol  is  applied  to  a  class 
of  bodies  which  resemble  common  vinic  alcohol  chiefly  in  that 
under  like  conditions  they  are  susceptible  of  similar  reactions. 
They  are  produced  in  a  variety  of  processes,  especially  by  fer- 
mentation ;  but  the  reactions  cannot  usually  be  traced.  They 
may  be  regarded  as  hydrates  of  the  hydrocarbon  radicals  (40), 
or  as  formed  from  the  hydrocarbons  themselves  by  replacing 
one  or  more  atoms  of  hydrogen  with  hydroxy!,  and  their  atom- 
icity (43)  depends  on  the  number  of  atoms  of  Ho  thus  intro- 
duced into  the  molecule.  Hence  we  have  monatomic,  diatomic, 
triatomic  alcohols,  &c.,  and  these  are  still  further  subdivided 
according  to  the  class  of  hydrocarbons  from  which  they  are  de- 
rived. Moreover,  each  alcohol  is  one  of  a  group  of  compounds 
which  may  be  derived  from  each  other  by  simple  reactions,  not 
affecting  the  arrangement  of  the  atoms  in  the  carbon  skeleton 
that  may  be  regarded  as  the  nucleus  of  the  group.  The  com- 
pounds thus  related  have  frequently  little  in  common,  and  in 
more  extended  works  would  be  classed  under  their  appropriate 
heads.  Our  only  object  is  to  exhibit  a  few  of  the  general  prin- 
ciples and  wonderful  relations  which  the  study  of  organic  chem- 
istry has  revealed,  and  this  will  best  be  gained  by  associating 
with  each  class  of  alcohols  those  of  their  derivatives  which  have 
the  same  atomicity.  ,/'  j,>^i 
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MONATOMIC  COMPOUNDS. 
1.  Mabsh  Gas  Series. 

438.  Alcohols.  —  This  very  important  class  of  compounds 
may  be  rej^arded  as  derived  from  the  normal  hydrocarbons  of 
the  marsh  gas  series  by  replacing  a  single  atom  of  hydrogen 
with  H6^  and  consequently  they  are  hydrates  of  the  radicals  of 
the  methyl  series  (40).  Of  these  bodies  the  following  are 
known :  — 

Boiling^polnl. 

Methylic  Alcohol  CH^OH                       66^5 

Ethylic  Alcohol  C^HfO'H                       78^4 

Propylic  Alcohol  C^HjOH                       96* 

Butylic  Alcohol  C^H^-O-H  109* 
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AiBjlie  Alcohol  C^lOH       ^^SOf^  U:^ 

Hexylic  Alcohol  C^^Oh 

Heptylic  Alcohol  C^H^O-H 

Oetylic  Alcohol  C^yfOH  ITST 

CetyUc  Alcohol  Cy^ChH  50" 

Celtic  Alcohol  C^H^OH  79** 

lie  Alcohol  C^AiChH  dd"* 


The  lower  members  of  the  aeriei  are  fiqnida^  tlie  bi^ier  solidly 
and  the  boiling-f>oint  increaaes  about  19^  for  e^erj  «iditioa  «f 
C/^      The  following  reacdooa  fflnatnite  tba  prodoctiQa  «f 

methjlic  alcohol  firocn  manh  gas:  — 

CH^  -f  CT-C7  =  BCl  +  Ci?i-CT;  [451] 

CH^'a'\-Ag'0'C^^O  =  AgCi^CB^€hC^S^C^  [452] 

CH^'0'CJI^O^K'ChH=K'€hCAO^  CH^O-H\  [455] 

and  the  aaxne  method  applied  to  the  homologoea  of  ouu^k  pi 
yields  other  membeis  of  the  alcohol  seriea. 

We  maj  also  start  with  olefiant  gaa^  and  haTHi^  eonriaMd 
tins  with  HCl  we  maj  coovert  the  C^d  thoa  formed  iai» 
eommoD  alcohol  bj  the  same  series  of  reactioaa  aa  before,  or  we 
may  reach  the  same  result  bj  combiniDg  olefiant  gaa  iriili  nl* 
phoric  acid  and  distilling  the  product  with  water. 

Hi-  OiSO^  +  Cyz;  =  H,  C^i'  O^SOr^  [434] 

H,CJIcOiSO^  +  H'0-H=  H^^OrSO,  +  C^^OIL  [435] 


Propylic  alcohol  may  be  obtained  from  C^B^  by  annilar  re- 
actions, but  these  processes  applied  to  the  other  members  of  ths 
olefiant  series  either  give  no  results  or  yield  compooods  wbic^ 
although  resembling  the  true  alcohols,  and  isomeric  with  tbeaH 
manifest  in  their  reactions  an  essential  difference  of  molecufar 
structure.     These  bodies  have  been  called  pseudo-alcohols. 

By  means  of  the  following  reactions  we  may  ascend  fitxn  one 
member  of  the  alcohol  series  to  the  next  higher :  — 

OjafO'H-\-  H^OfSO^  =  H.CA^O^^SO^  +  H^O.  [436] 
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K,  GJI,-  O^SO^  ^K'GN=  Kf  OfSO^  +  C^,-  ON.  [437] 
CySJ-Oy  +  2H'H=  E,H,C^^N.  [438] 

2C^fO-H-\-E^O'{'2N'N.  [489] 

G>mmoQ  alcohol  is  always  obtained  in  the  arts  by  the  fer- 
mentation of  grape  sugar  (480),  and  other  compounds  of  the 
series  are  not  unfrequently  formed  in  small  amounts  during  the 
same  process. 

The  typical  hydrogen  of  the  alcohols  may  be  replaced  by 
sodium  or  potassium. 

2H'0'0A  +  K'K=  2K'0'C^^  +  HH.     [440] 

An  alcohol  in  which  the  oxygen  has  been  replaced  by  sul- 
phur may  be  obtained  by  the  following  reaction :  — 

K, C^rOi^SO^  +  K'S'H=  KfO^'SO^^  C^H^S-H.  [441] 

This  sulphur  alcohol  is  called  mereaptan,  and  a  corresponding 
selenium  alcohol  is  also  known. 

By  the  action  of  oxidizing  agents  the  alcohols  are  converted 
first  into  aldehydes  and  then  into  acids, 

C^HfHo  +  0  =  C.BsO'ff-^  JI,0, 

▲kohoL  AkUhjd*. 

[442] 

AldthTd*.  AMtle  Add. 

but  only  in  a  few  cases  can  the  process  be  arrested  at  the  first 
stage. 

439.  Fai  Acids,  —  The  acids  formed  by  the  oxidation  of  the 
monatomic  alcohols  belong  to  a  remarkable  series  of  organic 
compounds,  of  which  more  members  are  now  known  than  of 
any  other.  These  acids  may  be  regarded  as  hydrates  of  the 
oxygenated  radicals  of  the  methyl  series  (40),  (436),  or  as 
formed  from  the  hydrocarbons  homologous  with  marsh  gas  by 
replacing  one  atom  of  hydrogen  with  oxatyl  (416).  The  fol- 
lowing are  known:  — 
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Meltlns^  BoOtac- 

point. 

point. 

Formic  Acid 

H'O-CHO 

or 

Ho-iCO-H)  » 

+1^ 

IWP 

Acetic  Acid 

H-0'C^Hfi 

i( 

Ho-iCO-CHJ 

4-17^ 

iir» 

Propionic  Acid 

IhO'C^Hft 

(i 

Ho-iCO-C^H;^ 

141« 

Butyric  Acid 

H-0'C^Hfi 

t( 

Ho-iCO-C^H,) 

— 20» 

161*» 

Valeric  Acid 

H-0-C^H.O 

ti 

Ho-{CO-C^H^) 

175* 

Caproic  Acid 

II-0-C^H^O 

u 

Ho-iCO-C.H^ 

4-5» 

198« 

(Enanthvlic  Acid 

H-0'C,H^O 

« 

Ho-iCO-C^H^ 

212« 

Caprylic  Acid 

U-0'C^H^O 

u 

Ho-{CO-C,H^) 

14» 

236° 

Pelargonic  Acid 

H-0-C^H„0 

M 

Ho-iCO-CJf^) 

IS*' 

260« 

Capric  Acid 

H-0-C^H^O 

« 

Ho-iCO-C^H^ 

270 

Laurie  Acid 

H'O'CJI^O 

i< 

Ho-iCO-C^H^ 

44* 

Myristic  Acid 

II-0-C,,H„0 

U 

Ho-iCO-C,,H„) 

64® 

Palmitic  Acid 

H-0-C^H^O 

U 

IIHCO-C,JI^) 

€2? 

Margaric  Acid 

H-0-C,,H„0 

U 

Ho-iCO^C^H^) 

60« 

Stearic  Acid 

H-O-C^HJ) 

l( 

Ho-(CO-C„H^) 

69<> 

Arachidic  Acid 

H-0'C^H^O 

li 

Ho-{CO-C^H^) 

75» 

Behenic  Acid 

H-O-C^HJ) 

(i 

II(H(CO-C„lf„) 

76® 

Cerotic  Acid 

H'0-C„H^O 

u 

Ho-(CO'C^H^) 

78* 

Melissic  Acid 

II-O'C^H^O 

a 

Ho'(CO-C^H^^ 

88* 

Formic  acid  is  found  in  nettles,  and  is  secreted  by  ants.  Va- 
leric acid  is  found  in  the  valerian  root,  pelargonic  acid  in  the 
essential  oil  of  the  Pelargonium  roseum,  and  cerotic  acid  in 
beeswax.  Chinese  wax  is  cerylic  cerotate,  spermaceti  cetylic 
palmitate,  and  the  natural  fats  are  mixtures  of  salts  of  various 
acids  of  the  group,  in  which  glyceryl,  C^^,  is  the  basic  radical 
Several  of  these  acids  may  be  procured  by  the  oxidation  of  al- 
buminous compounds.  Propionic  and  butyric  acids  are  pro- 
duced in  some  kinds  of  fermentation,  and  acetic  acid  is  made  in 
the  arts  in  large  quantiti(*s  from  the  products  of  the  dry  distil- 
lation of  wood  and  other  similar  substances. 

The  formation  of  the  fat  acids  by  the  oxidation  of  the  corre- 
sponding alcohol  is  illustrated  by  the  reactions  already  given 
[442].  They  may  also  be  formed  from  the  cyanides  of  the 
alcohol  radicals,  and  the  method  is  interesting  as  indicating 
their  molecular  constitution. 


1  The  Ktudent  will  not  fnil  to  notice  that  all  danhefl  nned  In  connection  with 
the  hydrocarbon  radicals  niu«t  rerer  exclusively  to  the  carbon  atom*  aince  the 
hydrogen  atoms,  being  united  to  the  carbon  si&eleton  by  Uieir  otilv  bond,  caa 
weMot  no  open  affinity. 
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[443] 

So  also 
C^fffGN+  K'Ho  +  H^O  =  {C^HfCOyKo  +  NH,,  [444] 

On  the  other  hand,  when  the  ammonic  salts  of  these  acids  are 
heated  with  P%0^  they  are  converted  back  hito  the  cyanides  of 
the  radicals  of  the  methyl  series, 

( CH^- COy{NH,)o  +  2P, 0,  =  CHf CN-^- ^HOPO^  [445] 

and  from  the  cyanide  thus  obtained  the  corresponding  alcohol 
may  be  produced  by  [438],  and  in  this  way  [442]  is  reversed. 
The  acid  may  also  be  converted  into  the  alcohol  by  another 
remarkable  series  of  reactions,  of  which  the  following  series  is 
an  example :  — 

iCH^'COyKo  J^   {H-COyKo  = 

Potaaaio  Awt>l».  FMuiie  FoniMite. 

( CHf  CO)  -H  +  Koi-  CO.    [446] 

AMtfe  Aldchyd*.  PoteMie  Carbonate. 

(CfffCOyir+  H-H  =  C^HcO'H.  [447] 

The  pota.<«sic  salt  of  the  acid  is  first  distilled  with  potassic  for- 
mate, and  the  aldehyde  thus  obtained  transformed  into  alcohol 
by  nascent  hydrogen.  Starting  now  with  ethylic  alcohol,  we 
can  convert  it  into  ethylic  cyanide  by  [486]  and  [437],  and 
then  by  [438]  or  [444]  we  can  produce  propionic  acid.  Thus 
we  are  able  to  pass  from  one  fat  acid  to  the  next  as  from  one 
alcohol  to  the  next,  and  since  formic  acid  can  be  made  directly 
from  its  elements  [374]  the  synthesis  of  this  whole  class  of  or- 
ganic compounds  is,  theoretically  at  least,  possible. 

All  these  reactions  seem  to  indicate  that  the  fat  acids  contain 
the  radicals  of  the  methyl  series  united  to  oxatyl,  and  this  view 
is  rendered  more  probable  by  the  fact  that  sodic  acetate  may  be 
formed  by  the  direct  combination  of  G0%  with  sodic  methide. 

(  OH^'Na  +  CO,  =  (  Gfli-  CO)  -Nao.  [448] 

Again,  it  appears  that,  when  the  acids  of  this  series  are  acted 
upon  by  nascent  oxygen  in  the  process  of  electrolysis,  COf  is 

21* 
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formed,  and  the  radical  assumed  to  have  been  previoaslj  anited 
to  the  oxatjl  is  thus  set  free. 

2( CH^-GOyHo  +  0=  CHfOH^  ^H^O+2 CO^  [449] 

If  this  theory  of  the  constitution  of  the  fat  acids  is  correct,  it 
is  obvious  that  if  we  could  replace  the  radical  hydrogen  of  for- 
mic acid  with  the  radicals  methyl,  ethyl,  &c.,  we  should  obtain 
the  successive  members  of  the  series.  The  direct  substitution 
has  not  been  accomplished,  but  with  acetic  ether  an  analogous 
series  of  reactions  has  been  obtained. 

2  C,IIf  0'(G0-  CHs)  +  J^a  -Na  = 

2C^H,-0-{C0-CHJ^a) -\- H'H.  [450] 

C^H^-0-{CO-CH^Na)  +  CHJ= 

C,HfO'{CO'C^H,)  +  NdL  [451] 

CJH,'0'{GO'CH^Na)  +  C^HJ= 

C^HfO-iGO'CsHj)  +  NaT.  [452] 

440.  Formic  Acid,  on  account  of  its  peculiar  constitution  as 
the  first  member  of  the  series,  presents  some  special  reactions 
which  are  highly  instructive.  Thus,  when  heated  with  strong 
sulphuric  acid, 

(II-  CO)  -Ho  =  H^0+  GO.  [458] 

So  also  when  acted  on  by  chlorine  gas, 

{H-  GO) -Ho  •^^Gl-a=  2HGI  +  (70,.         [454] 
It  even  acts  as  a  reducing  agent, 

{H-GO)  -Ho  +  HgO  =  Hg  +  H,0  +  GO,     [455] 

441.  Acetic  Acid,  the  acidifying  principle  of  vinegar,  is  the 
best  known  of  all  the  lower  members  of  this  series  of  com- 
pounds, and  the  student  has  already  become  familiar  with  it  In 
many  reactionsK.  The  remarkable  substitution  products  which 
it  yields  with  chlorine  have  already  been  described  (31),  and 
the  manner  in  which  it  breaks  up  when  acted  on  by  PGi^  has 
also  been  illustrated  (29).  By  this  last  reaction  a  chloride  of 
the  assumed  oxygenated  radical  (acetyl)  is  obtained. 
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442.  Itomen  of  the  Fat  Acids.  —  It  is  obvious  that  with  the 
higher  members  of  the  acetic  acid  series  one  or  more  bomeric 
modifications  are  possible,  depending  upon  the  different  wajs 
in  which  the  atoms  of  the  hydrocarbon  radical  may  be  grouped 
(428).  Such  differences  of  structure  have  been  actually  real- 
ized by  means  of  reactions  similar  to  [450  et  seq."],  using,  how- 
ever, as  the  starting-point,  the  products  obtained  by  replacing 
two  or  all  three  of  the  hydrogen  atoms  of  the  acid  radical  in 
ethylic  acetate  with  sodium. 

C^H,-0'{CO-CHN(^)  +  2CHJ= 

2Nal^C^HfO-{00-OH"{CH;),).  [456] 

C^H,-0-{GO'GNai)  +  ZCHJ= 

3NaI+  C^,'0'{C0'O-{Cff,),).  [457] 

By  acting  on  these  ethylic  salts  with  K-Hoy  the  corresponding 
potassio  salts  are  readily  obtained,  from  which  the  acids  them- 
selves may  be  easily  set  free. 

Now  the  first  of  these  products  is  isomeric,  but  not  identical, 
with  butyric  acid  (boiling  at  152^  instead  of  161^),  and  the 
second  sustains  a  similar  relation  to  valeric  acid.  By  exhibit- 
ing the  symbols  graphically,  the  difference  of  structure  will  be 
made  evident,  and  it  will  appear  that,  although  reactions  like 
[451]  yield  the  normal  acids  of  the  series,  reactions  similar  to 
the  last  must  necessarily  give  the  so-called  iso-acids.  It  can 
also  be  di'^covered  how  many  isomers  are  possible  in  any  case. 

443.  Ethers*  —  These  compounds  are  the  anhydrous  oxides 
of  the  alcohol  radicals  (40),  and  our  common  ether,  {C^H^)^0^ 
may  be  taken  as  the  type  of  the  class.  It  is  prepared  by  the 
action  of  sulphuric  acid  on  alcohol,  and  the  process  may  be  di- 
vided into  two  stages :  — 

If,  C^^  OfSO^  +  C^f  0-H=  Hi^  O^SO^  +  {(^^S^i®. 

The  alcohol  and  sulphuric  acid,  mixed  in  equivalent  proportions, 
are  heated  in  a  retort,  when  the  water  and  ether  distil  over  to- 
gether, and  if  the  loss  is  supplied  by  fresh  alcohol  (flowing  slowly 
into  the  retort  through  a  tube  adapted  to  the  tubulature)  the 
same  quantity  of  sulphuric  acid  will  convert  an  unlimited  quan- 
tity of  alcohol  into  ether. 
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Ether  may  be  reconverted  into  alcohol  by  reveraiDg  the 
above  reaction,  thus :  — 

[459] 

H,  cijy,= OrSo^ + H-  o-H=  H^  o^so^ + (g,ia,-(5>-aL 

By  using  in  the  second  stage  of  '^ethenfication  "  an  alcohol 
containing  a  different  radical,  mixed  ethers  as  thej  are  termed 
may  in  some  cases  be  obtained. 

Ifr0fS0,  +  C^^O^^*O.  [4e0] 
Other  bodies  of  this  class  have  been  formed,  thus  :  — 

2CB;rOJff-{-  Na-Na  =  ^GH^ONa  -|-  HH. 

[461] 

444.  Compound  Ethers.  —  We  include  under  this  head  the 
numberless  salts  of  the  hydrocarbon  radicals  usually  distin- 
guished as  different  kinds  of  ether.  These  bodies  are,  for  the 
most  part,  volatile,  and  have  an  agreeable  odor  which  resembles 
that  of  fresh  fruit,  and  several  of  them  are  used  by  the  confer 
tioners  as  essences.  They  are  produced  by  reactions  similar 
to  those  employed  in  the  preparation  of  metallic  salts. 

C^,-Cl^Ag'0-C,H,0  =  AgCl+C^H,'0'C^H^O.  [462] 

Argentic  Acetate.  Aectfe  Eth«r.  ^         -* 

C^H,- 0-Na  +C,H,0-az=NaCl+  CJIi; O- C^H, O.  r46Sl 

Butyryllo  Chloride.  Ba^jric  £lhM-. 

Jf,C,Sa'Ot'SOt  +  K-0-C^H^O  = 

FotSMlc  Acetate. 

H,K-0fS0t  +  0,ffn0-C»ff,O.  (-4641 

Amylio  Aevtate. 

In  reactions  like  the  last,  when  a  weak  acid  is  unable  by  it- 
self to  produce  the  decomposition  of  the  alcohol,  the  pre^oce 
of  a  strong  mineral  acid  will  sometimes  determine  the  forma- 
tion of  the  ether.  The  reaction  is  then  best  expressed  as  if  in 
two  stages. 


§446.]  MONATOMIC  COMPOUNDS. —  MARSH  GAS  SERIES.     493 

C^H,-0-H-{-  fffOfSOt  =  ir,Ctffi-0/SOt  +  ff^O. 
H,  C^ffi'  OiSO^  +  H-0-C,H,  0  =  [466] 

B«aBolc  Add. 

UrOi'SO^+C^.'O-Cjff.O. 

Benxoie  Ether. 

CJ^'0'H+  HCl  =  CH^-Cl  +  H^O. 

[467] 
C^Hi^Cl  +  H-O-GHO  z=  HCl  +  G^H^-OCHO. 

When  acted  on  bj  strong  alkaline  bases  the  compound  ethers 
yield  a  metallic  salt  and  an  alcohol. 

GJI,-0- C,Hs 0  +  K' 0-H=  KG- G^Hfi  +  G^fOH.  [468] 

Since  the  ethers  are  quite  insoluble  in  water,  such  reactions  are 
best  obtained  in  alcoholic  solutions,  and  this  kind  of  decomposi- 
tion is  frequently  called  ioponificcUion,  At  a  high  temperature 
the  ethers  may  be  taponified  by  water  alone. 

445.  Anhydrides,  —  The  simple  and  mixed  ethers  are  anhy- 
drides, but  the  name  is  usually  confined  to  the  oxides  of  the 
acid  radicals.  Acetic  anhydride  may  be  obtained  by  the  fol- 
lowing reaction, 

K-G-G^H^O  +  GJI^G'Gl  =  KGl  +  {G^H^G^-O,    [469] 

and  propionic,  butyric,  and  valerianic  anhydrides  may  all  be 
prepared  in  a  similar  way.  Formic  anhydride,  however,  has 
not  as  yet  been  formed.  In  contact  with  water  these  anhy- 
drides dissolve  only  slowly,  in  measure,  as  they  are  converted 
into  the  corresponding  acids. 

446.  Haloid  Ethers.  —  The  term  haloid  means  resembling 
common  salt,  and  is  applied  to  those  compounds  which,  like 
saitj  are  formed  afler  the  simple  type  of  HGly  and  includes  the 
cyanides,  chlorides,  bromides,  &c.,  of  the  hydrocarbon  radicals. 
These  ether-like  bodies  are  formed  in  a  great  variety  of  re- 
actions. 

C^fO-H-\-  HCl  =  CJIiCl  +  H^O.        [470] 

8  C,Ha-0-H-\-  PCk  =  H,'OfPOH+  8  dHaCL  [471] 

5  C^,-  0-H-\-  I,-\-P=fff  OfPO  +  5  0^4-/+  -fir,  0.  [472] 

CH,+  a-a=  CB,-  a  +  jff-CL  [478] 
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When  acted  on  bj  an  alcoholic  solution  of  potash,  all  the 
haloid  ethers,  except  the  cyanides,  are  converted  into  alcohok 

C,Hy,-  CI  +  K'  0-Hz=^  KCl  +  COTur  OH.      [474] 

The  reaction  of  the  cyanides  has  already  been  given  [4441. 

The  haloid  ethers  are  allied  to  the  hydrogen  ai^ds,  and  like 
these  combine  with  ammonia,  and  by  the  action  of  potash  oo 
the  salts  thus  formed  various  amines  may  be  obtained. 

[475] 

£tby  lamia*. 

Ethylic  iodide,  heated  in  a  sealed  tube  with  water,  is  ooo- 
verted  into  common  ether. 

2  0^fl+  H^-0=(  C^sh'O  +  2117.  [476] 

Methylic  chloride,  when  acted  on  by  chlorine,  yields  the  f<^ 
lowing  substitution  products,  and  it  will  be  noticed  that  the 
boiling-point  increases  in  proportion  as  the  atoms  of  hjdroMi 
are  replaced. 

ClffCfl    —21%     C7fii04    81%     CHOls    60°i,      CCl^    7^[ 

The  compound  CHCl^  is  called  chloroform,  and  is  an  anes- 
thetic agent  made  in  large  quantities  by  heating  alcohol  or  wood 
spirit  (methylic  alcohol)  with  a  solution  of  chloride  of  lime 
(282).  When  boiled  with  an  alcoholic  solution  of  potash,  chlo- 
roform is  converted  into  potassic  formiate,  and  chlorine  gaa, 
under  the  influence  of  sunlight,  changes  it  into  carbonic  chloride. 

CHCk+^K'0'H=^KGl+K-0'{C(J-H)-{-2H^O.  [477] 

Bromoform,  CHBr^  and  Iodoform,  CHI^  are  also  known. 

447.  Aldehydet,  —  These  bodies,  already  mentioned  as  the 
products  of  the  imperfect  oxidation  of  the  alcohols  [4423,  '^^J 
also  be  obtained  by  distilling  a  mixture  of  potassic  formate  with 
the  potassic  salt  of  the  acid  corresponding  to  the  aldehyde  j^ 
quired. 

K'O'iCO'H)  +  K'0-{CO'CIf,)  = 

K,'0,'CO-{-ff-(CO'CBi).  [478] 
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The  aldehydes  are  distinguished  by  a  strong  affinity  for  oxy- 
gen. They  not  only  absorb  oxygen  gas  from  the  air,  but  they 
reduce  argentic  oxide,  and  when  heated  with  alkaline  hydrates 
they  evolve  hydrogen,  passing  in  each  case  into  the  correspond- 
ing acid. 

n-(CO-OHs)  +  0  =  ff'O'i  CO-CH,).        [479] 

Aldehyde.  Aeetlo  Acid. 

B'{CO-Cffs)  -{-Ag.,0  =  H-0-{GO-CH^)  +  Ag-Ag.  [480] 

H-{CO'CH^)  4-  K'0-H=  K'0'{GOGH^)  -f  HK  [481] 

By  nascent  hydrogen  (water  and  sodium  amalgam)  the  alde- 
hydes are  converted  back  into  alcohol. 

H-{GO'QH^  +  H'H=  G^fO-K  [482] 

Most  of  them  yield  crystalline  compounds  with  ammonia. 

H-{  GO-  GJIs)  +  NH^  =  ^^d  CO'  GH^).       [488] 

So  also  by  dissolving  potassium  in  aldehyde  we  obtain  the 
reaction 

^H-{GO'GH^  +  K'K=  2K'{G0-GH^)  +  H-K  [484] 

The  aldehydes  are  named  after  the  corresponding  acids. 
The  first  is  formic  aldehyde  H-{  GO-H)^  and  the  seven  succeed- 
ing terms  of  the  same  series  have  been  obtained.  Of  acetic 
aldehydes  there  are  three  polymeric  modifications.  The  nor- 
mal compound  is  a  very  volatile  liquid,  boiling  at  21^  and  hav- 
ing a  strong  suffocating  odor. 

448.  Ketones.  —  This  name  is  applied  to  a  class  of  com- 
pounds outwardly  resembling  the  alcohols  and  having  a  pleas- 
ant ethereal  odor.  They  are  isomeric  with  the  aldehydes,  but 
differ  from  them  widely  in  their  chemical  relations,  for  they  are 
comparatively  inactive  bodies,  and  show  no  tendency  to  unite 
with  oxygen.  They  are  most  readily  obtained  by  distilling  the 
potassic  or  calcic  salts  of  the  monatomic  acids. 

Ga'Or(GO'GB,)^=Ga'Oi'GO-\-{Gff,WGO.  [485] 

Oiacle  Aeelrti.  Aoetoae. 

Ca-Oi'(CO-Ctff,)t  =  Oa'OfCO  +  {C^,)fGO.  [486] 

Caleio  Froploiuile.  Fioptone. 
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It  will  be  noticed  that  the  two  ketones  thus  obtained  diffisr 
bj  2  CH^  although  the  initial  acids  only  difier  by  CH^ ;  but  bj  dtt* 
tilling  an  intimate  mixture  of  the  two  salts  we  can  obtain  the 
intermediate  term  of  the  series,  namely,  CH^C^H^^'CO. 

Ketones  can  also  be  obtained  by  acting  on  acetyl  chloride  or 
its  homologues  with  zinc  methide  or  ethide. 

2{CHfC0)-Cl-^r  Zn''{CH,),=  Zn0l,+  2(Offs)t'O0.  [487] 

Moreover,  they  have  been  formed  by  the  action  of  carbonie 
oxide  on  sodic  ethide  and  the  homologous  compounds. 

2Na-CJI,  +  C0  =  Na-Na  +  (  C^,),«  CO.      [488] 

449.  Pseudo-Alcohols.  —  By  the  action  of  nascent  hydrc^eo 
the  ketones  are  converted  into  compounds  isomeric,  but  not 
identical  with  the  alcohols. 

(Cffs)rCO  +  H-H=  {CH^)i-CH'Ho.  [489] 

The  bodies  of  this  class  are  also  called  tecondcary  alcohdU^ 
and  are  distinguished  by  the  prefix  iso.  Their  relations  to  the 
normal  alcohols  are  illustrated  by  the  following  symbols : 

{CJi,-CH:,)-ffo,  {CH,-coyH,         {CH^-co)-a>, 

Cthylie  AlcohoL  Aldehyde.  Aevtie  A^d. 

{cjT,-cH,)-Ho,         {CHfCoyH,         {o,H,-ooya>, 

PropyUe  Alcohol.  Aldehyde.  Iftopioaia  Aeld. 

leopropyllo  AlcohoL  Acetone. 

As  common  alcohol  passes  by  oxidation  first  into  aldehyde 
and  then  into  acetic  acid  so  normal  propylic  alcohol,   when 
oxidized,  yields  similar  products.     But  under  the  same  con- 
ditions the  isopropylic  alcohol  gives  acetone,  which,  although 
isomeric  with  propionic  aldehyde,  cnnnot  be  converted   by  fur- 
ther oxidation  into  propionic  acid,  and  it  is  evident  that  such  a 
change  would  not  be  posi^ible  without  a  complete  remodeUing 
of  the  molecule.     The  difference  between  these  isomeric  alco- 
hols, indicated  by  their  reactions,  is  still  further  manifested  in 
their  boiling-points,  since  while  the  normal  alcohol  boils  at  96% 
the  pseudo-alcohol  boils  at  87°.     Besides  the  isopropylic  two 
other  pseudo-alcohols  have  been  obtained  which  probably  be- 
long to  the  same  class. 


§451.]      MONATOmO  COMPOUNDS.  —  VINYL  SERBEa  497 

Isoamylic  Alcohol  (  GflJ,  CJIf  GHyHo, 

Isohexylic  Alcohol  (  CH^  C^Ht  GH)-Ho. 

Lastly  a  pseudo-alcohol  has  been  discovered,  isomeric  with 
butylic  alcohol,  which  appears  to  be  constituted  after  still  a 
third  type,  and  to  be  the  first  of  a  class  of  tertiary  alcohols. 

Pseudo-butylic  Alcohol  (  CHs)r  O'^o. 

If  we  represent  by  ft  any  univalent  hydrocarbon-radical,  the 
general  symbols  of  the  three  classes  of  alcohols  we  have  dis- 
tinguished would  be  as  follows  :  — 

fi-CHi^Ho,  ^fGH'Ho,  VifC-ffo. 

Frimary  AloohoL  Setoaduy  AlcoluA.  Tutiuy  AlcolioL 


2.  Vinyl  Series. 

450.  Vinylic  AlcohoL  —  Acetylene  like  ethylene  dissolves  in 
sulphuric  acid,  and  when  the  product  is  distilled  with  water  we 
obtain  the  hydrate  of  the  radical  vinyl  or  vinylic  alcohol. 

MfOi'SO^  +  Ci^a  =  ir,C^,'OrSO, 

[490] 

This  alcohol  is  isomeric  both  with  acetic  aldehyde  and  the 
oxide  of  ethylene. 

Vlnyu'c  Alcohol.  Aeetio  AlAahjiit,  Ethytento  Ozida. 

No  acid  has  been  obtained  fix)m  it  by  the  action  of  oxidizing 

agents. 

451.  AUylic  Alcohol  —  The  second  term  of  the  vinyl  series 
may  be  formed  from  glycerine  by  the  following  reactions. 

Glycerin..  g  C,fffT-{.  "iHfOi'POE  +  I'L    [491] 

AllyUc  Iodide 

2C,Zr,-/+  AgfOfCtOt  =  2AgI+  {G,H,)^'OfCtOr  [492] 

AigenOe  OaOttto.  Allylio  Oxalate. 

(JI^)fCtOt  +  2C,ff,-0-ff.  [498'] 

Br 
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When  dehydrated  by  phosphoric  anhydride  (1 B4)  this  aloohol 
gives  allylene  the  second  member  of  the  acetylene  aeries. 

(  C^,yO-JT-  H,0=  C,H,.  [494] 

Oil  of  garlic  is  the  sulphide  of  allyl  ( C^H^^^S  and  oil  cf 
mustard  the  sulphocyanate  C^H^'S'CN. 

When  acted  on  by  oxidizing  agents,  allylic  alcohol  yields 
both  an  aldehyde  and  an  acid,  and  the  following  symboU  indi- 
cate the  relations  and  probable  constitution  of  the  three  bodieik 

(^OHi'CH'GH^-Ho,    {CHiCH-COyH,    {OHfCHCOyB^ 

AU7U0  AloohoL  ▲eroltin  (Aldehyde).  ABtyUe  Aeid. 

452.  Acrolein  is  formed  abundantly  during  the  dry  distil- 
lation of  fats  or  similar  glycerides  (474).  and  the  pungent  odor 
of  its  vapor,  so  intensely  irritating  to  the  eyes,  is  familiar  to 
every  one.  It  may  be  best  procured  by  the  action  of  dehy- 
drating agents,  such  as  phosphoric  anhydride  or  sulphuric  acid, 
on  glycerine,  from  which  it  differs  by  2H^0, 

{CfffCnOH,Y-ffo,  —  2n,0=  {CH^-CHOOYH.  r4951 

Glyeerine.  Aerolcin.  ^         -* 

453.  Acrylic  or  Oleic  Series  of  Acids,  —  Acrylic  acid  is  the 
first  member  of  a  large  and  important  series  of  acids,  which 
are  associated  with  the  acids  of  the  acetic  series  in  the  natural 
fats  and  oils.  Only  those  members  of  the  series  are  included 
in  the  following  list  which  we  have  reason  to  believe  are  con- 
stituted like  acrylic  acid.  Of  the  constitution  of  the  other  fiU 
acids  of  this  class  we  have  as  yet  no  knowledge. 

Acrylic  Acid  C^H^O^  or  Ho-{CO  Cff-C Hi^, 

CrotonicAcid  C.H^O^  "  Ho'lcOCH'C^H^^ 

Angelic  Acid  C^^O^  «  Ho'lcO-CH'Cj,H^, 

Pyroterbic  Acid  C^Hyg^O^  «  Ho\CO'CH-C^H^, 

Oleic  Add  e„^34  0,       «         Ho\  COCH*  Cy,H^. 

These  acids  are  closely  allied  to  those  of  the  acetic  series. 
Acrylic  acid  under  the  influence  of  nascent  hydrogen  changes 
into  propionic  acid,  and  when  acted  on  by  bromine  it  yields  a 
simple  derivative  of  the  same  compound. 
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ffo'{GO-Off-Cff,)  +  £r'£r:=n  Ho'{COCJI,). 

[494] 
Ho'{CO-GH-CIQ+Br-Br  =  Ho-{GO-C^H^Br^. 

Moreover,  when  heated  with  caustic  potash  aU  the  acids  of 
the  above  list  break  up  into  two  acids  of  the  acetic  series,  one 
of  which  is  always  acetic  acid  itself 

Ho'{CO'CH-CH^)  +  7,K'0'U= 

Ko\GO-GH^  +  Kq-{GO'H)  +  HE.  [497] 

Ho'{GO-GH-G^,)  +  ^K'O-Hai 

Ko\GO'GH^)  +  Ko-{GO-GH;)  +  HH.  [498] 

Ho-{GO'GH-G^H^)  +  2K'0'H= 

Ko'{GO'Cff,)  +  Ko'{GO'G^,)  +  H-H.  [499] 

ffo-{GO'Gff'G,ff,)  +  2K'0-ffz=z 

Ko\GO-GH^)  +  Ko-(GO-G^j)  +  HH.  [500] 

Ho-{00'GH'-G,^H^)  +  2K-0-H=     ^ 

Ko-{GO-GH^)  +  Ko'(CO-G^si)  +  ^-«  [501] 

The  alkaH  appears  to  act  on  the  defines  (430),  assumed  to 
exist  in  the  radicals  of  these  corapounds,  and  replaces  them 
with  /5,  thus  forming  acetic  acid  in  every  case,  while  at  the 
same  time  it  converts  the  oletlne  itself  into  another  acid  of  the 
acetic  series. 

454.  Secondary  Acids.  —  Acids  isomeric  with  those  of  tho* 
acrylic  series  have  been  obtained  by  means  of  reactions  which 
indicate  the  structure  of  the  resulting  molecules,  and  a  com#- 
parison  of  the  reactions  of  these  artificial  products  with  those 
of  the  normal  acids  shows  that  the  rational  symbols  we  have 
assigned  to  the  latter  must  be  esfentially  correct  The  sym*- 
bol  of  oxalic  ether  may  be  written  £t'0'{GO'GOyO'Bi, 
and  there  are  good  reasons  for  writing  the  symbols  of  the 
sine  compounds  of  the  monad  radicals  (924)  thns,  (Znt^)-^ 
mdicating,  as  is  undoubtedly  the  case,  that  the  group  (Znft)- 
acts  as  a  monad  radical.  When  new  a  body  of  this  claiB  aelt 
on  oxalic  ether,  the  following  reaction  takes  place :  — 

t 

IkO-(OO-CO)'  0-Ei  +  2(^B)-a  = 

Et-0\C0-(T9id-0-iZH'K) -\- Et-0-{Zn>K).  [502] 
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If  next  water  is  added,  the  prodact  of  the  last  reactioa 
undergoes  a  still  further  change, 

JSl-0-(CO'Cti2yO-(ZnVi)  +  2^0  = 

Zn-Oi'II,  +  ini-\-  £l-0'(O0'Oti;)-O'B,  [508] 

and  the  whole  effect,  as  will  be  seen,  is  to  replace  one  atom  of 
oxygen  in  the  radical  of  oxalic  acid  with  two  atoms  of  a  radical 
of  the  methyl  series.  Lastly,  if  we  subject  one  of  these  acids 
thus  synthetically  obtained,  to  a  dehydrating  agent  (I^Cl^  or 
PiOn),  the  result  is  an  isomer  of  the  acrylic  series. 

m-o-{cO'CVi,yoH—  h^o  =  mo-^co-cvim).  [504] 

Here  Sfl  stands  for  a  dyad  radical  of  the  olefiant  series,  and 
the  symbols  of  the  compounds  which  have  been  obtained  in 
this  way  are  given  below.  By  comparing  these  with  the 
symbols  of  the  normal  isomers,  Uie  difference  of  structure  will 
be  evident 

SeeondAzy  Adds.  Normal  Acids. 

Methyl-acrylic  Acid  H'0-{C0'C{CH;)^CH;)  H-O^ CO-CH-CJf;^ 
Methyl-crotonic  "  H'0'{C0'C(CH^)^C,H;)  H-O-i^COCH-CJI^) 
Ethyl-crotonic    "    H-O-XcO-cic^H^^-C^H;)  H-0-QCO-CH-C^Hj 

When  treated  with  potash,  the  secondary  acids  break  up  like 
the  normal  compounds,  but  they  only  give  acetic  acid  when  iho 
dyad  radical  is  ethylene^  and  after  writing  these  reactions,  ac- 
cording to  the  models  given  above,  it  will  be  seen  not  onlj  that 
these  facts  confirm  the  opinion  already  expre&<ed  in  regard  to 
the  nature  of  the  change,  but  also  that  the  close  coincidence  be- 
tween theory  and  observation  gives  strong  grounds  for  believing 
that  we  have  gained  positive  knowledge  in  regard  to  the 
structure  of  the  bodies  we  have  been  studying. 

455.  Tertiary  Acids.  —  By  means  of  the  following  reaction 
a  second  isomer  of  crotonic  acid  has  been  obtained,  which  miut 
have  a  structure  differing  from  either  of  the  other  two  ooodi* 
tions  of  this  compound.     Compare  [444]. 

{CH^^CH'CHi)'CN-\-  K-0'ff+  H^O  = 
Auyiic07«id-  (CJfyCH-CJTfCOyO'K+NBL  [505] 

PotaMte/lCrotoiMlt.  ^^    *" 
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8.  Phenyl  Series. 

456.  Benzoic  Alcohol.  —  If  the  peculiar  grouping  of  the 
carbon  atoms  represented  in  Fig.  c  (428)  is  an  essential  char- 
acter in  the  structure  of  the  radical  phenyl  and  its  homologuea, 
it  is  obvious  that  the  lowest  normal  alcohol  of  this  series,  formed 
after  the  type  of  common  alcohol,  must  have  the  composition 
represented  by  the  symbol  (CJIi^CH^-Q-H.  This  body  is 
Benzoic  Alcohol,  and  the  corresponding  aldehyde  and  acid  are 
the  well-known  compounds  Oil  of  Bitter  Almonds  and  Benzoic 
Acid. 

( c^H,-  CH^yo-H,        ( c,H,-  coyn,       ( cji,-  coyo-H. 

Beaioio  AleohoL  OU  of  Bitter  Almond*.  Benzoic  Add. 

Benzoic  alcohol  may  be  prepared  by  treating  oil  of  bitter 
almonds  with  an  alcoholic  solution  of  potassic  hydrate. 

{C^HfCOyO'KJ^  {C^HfCH^yO-H. 

It  may  also  be  made  from  toluol  (metbyl-phenylic  hydride) 
(434). 

Cf,HfCH^+  01-01=  {O^HfOH^yOl+HOL 

Toluol.  Toluie  Chloride. 

{O^HfOH^yOl  +  lt'0'H=  KOl-i^iO^HfOH^i'O-R 

Moreover,  benzoic  acid,  when  acted  on  by  nascent  hydrogen, 
is  reduced  in  part,  first  to  benzoic  aldehyde  (oil  of  bitter  al- 
monds), and  then  to  benzoic  alcohol. 

The  essential  oil  of  cumin  is  a  mixture  of  cymol,  Cio^4,  and 
cuminic  aldehyde,  from  which  may  be  derived  on  the  one  side 
curoylic  alcohol  homologous  with  benzoic  alcohol  and  on  the 
other  cuminic  acid  homologous  with  benzoic  acid. 

{O^H,,-OH^yO'H,      {O^HnOoyff,      {O^nOoyo-ff. 

Cumjlle  AloohoL  Cuminic  Aldehjd*.  Cambile  Add. 

Sycocerylic  alcohol  {OyfH^'OH^'O'H^  obtained  from  a  resin 
brought  from  New  South  Wales,  is  supposed  to  be  another 
member  of  this  series. 

457.  Phenols,  —  By  comparing  the  symbols  of  the  normal 
alcohols,  of  either  clasSy  as  given  above,  or  still  better  when 
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exhibited  by  one  of  tbe  graphic  methods,  the  student  will  see 
that  the  peculiarity  in  their  stmctare  coiuists  mainly  in  the  cir- 
cumstance that  two  atoms  of  hydrogen  are  attached  to  the 
same  carbon  atom,  to  which  the  atom  of  hydroxjl  is  also  united, 
so  that  when  these  atoms  of  hydrogen  are  replaced  by  an  atom 
of  oxygen,  the  radical  oxatyl  H-O-CCh  is  formed  in  the  mole- 
cule, and  this,  as  has  been  shown,  appears  to  be  the  acidifying 
principle  of  all  the  organic  acids.  Hence  by  a  ^rery  simple  re- 
placement,  which  does  not  alter  the  ooolecular  strocture,  the 
alcohol  changes  into  an  acid. 

Such  now  is  the  structure  of  benzoic  alcohol,  but  such  wooM 
not  be  tlie  condition  if  the  Ho  were  united  directly  to  one  of 
the  carbon  atoms,  which  form  the  nucleus  of  the  radieal 
phenyl,  and  it  can  easily  be  seen  that  the  resulting  product, 
C^HfO'H^  could  not  change  into  an  acid,  at  least  of  the  oxatyl 
type,  without  disturbing  the  peculiar  atomic  grouping  shown  in 
Fig.  c  (428).      Compounds  thus  constituted  are  called  J^henolt, 

The  compound  (7^/^-0-^ is  a  well-known  commercial  pn^ 
duct,  called  carbolic  acid.  The  more  appropriate  name  i* 
phenylic  alcohol,  since  it  is  a  secondary  or  pseudo-alcohol  of  the 
phenyl  series,  differing  from  the  true  alcohols  in  that  it  does  nSt 
yield  by  oxidation  a  homologue  of  benzoic  acid.  As  we  might 
expect,  however,  the  different  hydrogen  atoms  of  the  radicsl 
may  be  replaced  by  C/,  Br,  or  JNTOj,  and  a  great  number  of 
subf^titution  products  may  be  thus  obtained,  of  which  the  best 
known  is  the  so-called  Picric  Add  {C^H^{N0^^-O-IL 

Phenylic  alcohol  is  one  of  the  products  of  the  dry  distillation 
of  coal,  and  it  is  procured  for  the  arts,  from  the  coal-tar  of  the 
gas-works.  It  may  also  be  formed  by  distilling  salicylic  acid 
with  baryta  or  lime,  or  by  the  action  of  nitrous  acid  on  anQine 
(167). 

H-0-{  CO-C^ff,yO-B+  OaO=  C^H.-O-H-^  Oa-OfCO. 

8.1ICTUe  Add.  PhnyUe  AleohoL 

H,C»fffN-\-  H-O-NO  =  CtH^-O-H-ir  H^O -\-  N-K. 

▲ailine.  Nltroiu  Add. 

Phenylic  alcohol  smells  like  wood-tar  creosote,  and  is  •■ 
equally  powerful  antiseptic  a^nt.  Indeed,  it  constitutes  the 
greater  part  of  the  so-called  coal-tar  creosote.  There  is  some- 
lioMB  associated  with  it  a  small  quantity  of  an  homologoos 
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pound,  which  has  been  named  cresjlic  alcohol,  and  this  is  the 
onlj  other  phenol  which  has  as  jet  been  obtained.  It  closely 
resembles  the  fin»t,  has  the  symbol  CfHj-O'H,  and  is  therefore 
isomeric  with  benzoic  alcohoL  The  student  should  seek  to 
exhibit  by  graphic  symbols  the  difference  in  the  structure  of 
these  two  isomeric  compounds,  on  which  the  wide  diffei-ences  in 
their  properties  and  chemical  relations  depend,  and  thus  show 
also  why  a  normal  alcohol  isomeric  with  phenylic  alcohol  can- 
not be  produced. 

458.  Acids  of  the  Phenyl  Series,  —  Benzoic  acid,  formerly 
exclusively  obtained  by  sublimation  from  gum  benzoin,  is  now 
more  frequently  procured  from  hippuric  acid  (168),  which  is 
found  abundantly  in  the  urine  of  herbivorous  animals.  When 
hippuric  acid  is  boiled  with  hydrochloric  acid,  the  radical  ben- 
zoyl {CjH^O)  in  this  amide  changes  place  with  Ho^ H-O-Hy 
and  the  products  are  glycoool  and  benzoic  acid.  Only  two 
other  acids  of  this  series  are  known.  The  normal  series  probi^ 
bly  includes  ^ 

Benzoic  Acid      H-  0'{  CO-  C^^y 

ToluylicAcid     HOiCOCjHj)   or  ff- 0(000 A' Off,), 

CuminicAcid      H'0'{00'0^^  or  ff-0-{O0'O^-O,fff). 

This  class  of  compounds  has  been  oomparatively  little  studied, 
and  future  investigation  will  probably  bring  to  light  not  only 
other  members  of  the  series,  but  also  other  series  of  related 
acids,  differing  from  the  normal  compounds  by  peculiarities  of 
structure  or  slight  variations  in  composition.  One  sudi  com- 
pound is  already  known,  and  this  bears  the  same  relation  to 
benzoic  acid  that  crotonic  acid  bears  to  acetic  acid, 

ff'  0'{  00-  OH,),  H'  0-(C0'  Off'  CtZQ, 

AMtto  Add.  Crotonic  Add. 

ff-0'(00'0,ff,),  ff'0'(00-Oeffs'0,ff;) ; 

Bensdo  Add.  CtonMnlc  Add. 

and  when  heated  with  potasdc  hydrate  cinnamic  add  breaks  up 
into  benzoic  and  acetic  acids,  thus :  — 

ff'0'{00'OJI^-0^ff,)  +  2K'0'ff= 

K'0-{00-0,ff,)  +  K'O'iOO'Off,)  +  ff'ff.  [507] 


504  ALCOHOLS  AND  THEIB  DERIVATIVES.  [§459. 

Salicylic  acid  is  another  compound  belonging  to  the  phenjl 
group,  and  its  relation  to  benzoic  acid  is  indicated  below.  The 
volatile  oil  of  meadow-sweet  (Spiraa  ulmaria)  is  supposed  to 
be  the  aldehyde  of  this  acid,  and  the  oil  of  wintergreen,  called 
also  chequer-berry  {GauUheria  procumbens)^  is  methyl  salicylic 
add. 

H-  0'(  CO-  c,H,),  H'  0'{  CO'  c^ji^y  on, 

Benioic  Acid.  8«llejlie  Acid. 

H'(CO-C^H,yO-H,  H'  0'{CO'C^H;)-0'CH^ 

OU  of  MMdow-fweet  Oil  of  WtaHMyraem. 

These  compounds,  however,  being  diatomic^  more  properly 
belong  under  the  next  head. 

DIATOMIC  COMPOUNDS. 

459.  Glycols,  —  The  dyad  radicals  of  the  ethylene  series 
may  combine  with  two  atoms  of  hydroxyl,  and  the  diatomic 
hydrates  thus  formed  constitute  an  interesting  class  of  aleohok 
which  are  usually  called  glycols,  and  whose  relations  to  the 
water-type  have  been  already  explained  (41).  The  following 
reactions  illustrate  three  of  the  methods  by  which  these  bodies 
may  be  produced  :  — 

1.  C^H,  +  Br-Br  =  C^,-Br^  [508] 

2.  C^^^Br^  +  2Ag-0-C^H^0  = 

2AgBr  +  C,ff,^0r(C,ff^O)^  [509] 

DUceUcOlycoL  2K-0'{C^,0)  +  CH^O.^H^   [510] 

Ethyl  Glycol. 

1.  CiH^-\-H-0-Ol=      C^HfHo.Cl.  [511] 

Monochknfaydrine  of  QljooL 

2.  CtH^'Ho,a  +  Ag-O-CiH^O  =z 

AgCl+  C,ff,'0t-{CtS,O)^.  [512] 

3.  CtH^O^'{a^H^O),H-\-K-0-Hz= 

Mooo^cac Giyc*.  K-OC^H,0  +  CH.-Oi-H,  [513] 

»hyl  OlycoL 

CJT^Ho^Gl         +  H-H=HCl-\-  CH^'O^-Ht.  [514] 

Monochlorhydrine  of  Glycerine.  Propyl  Glycol. 

The  normal  glycols,  like  all  normal  alcohols,  arc  easily  oxi- 
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dized,  and  on  accoant  of  their  diatomic  nature  a  reaction  simi- 
lar to  [442]  may  be  once  repeated  with  each  of  these  bodies. 
Every  such  glycol  thus  yields  two  acids,  whose  relations  may 
be  best  indicated  by  writing  the  symbols  as  below :  — 

H-0-{CH^-CH^yO-H, 

Eihylic  Glycol. 

H'O'iCO-CH^yO-H, 

GlycoUlc  Add. 

H-0'{CO'COyO'H, 

Oxalic  Add. 

H'0{CH^-CH^-CH^'0'H, 

Fropylic  Glycol. 

H-0-(^CO-CHiGHii-0-H, 

Faralactio  Acid. 

H-0-(CO-CHt-CO)-0-H, 

Malonic  Add. 

H-0-{CIftC,ff,-CH,)-0-B, 

ButyUo  Glycol. 

H-0'{CO-CtH,-CH^-0-B, 

H-0-{CO-C^H,-CO)-0-H. 

Snccinic  Add. 

In  these  symbols  those  hydrogen  atoms  which  are  associated 
with  CO  are  strongly  basic,  and  those  which  are  associated 
with  CH^  although  also  typical  and  replaceable  under  certain 
conditions,  cannot  be  displaced  by  the  usual  metathetical  meth- 
ods (21).  In  this  we  find  the  explanation  of  the  fact  stated 
in  (41),  that  the  acids  homologous  with  glycollic  acid  are  only 
monobasic  althouf]^h  diatomic  and  the  acids  homologous  with 
oxalic  acid,  both  dibasic  and  diatomic.  Of  the  glycols  included 
in  the  list  given  in  the  section  just  referred  to  only  the  first  is 
supposed  to  have  the  constitution  exhibited  above.  It  is  prob- 
able that  in  the  others  the  atoms  are  differently  arranged. 

The  following  derivatives  of  ethylic  glycol  will  further  illus- 
trate the  chemical  relations  of  this  class  of  compounds :  — 

Cyanhydrine  C^H^Ho^CN^ 

Bromhydrine  G^H^Ho^Br^ 

Dibromhydrine  (ethylene  dibromide)  GJJ^Br^ 

Bromo-ethylic  Glycol  CJI^-{  C^H^)  0,Br, 

Sulphur  Glycol  C^H.^S^ffr 

Compare  also  the  products  of  [509],  [511],  and  [512]. 
460.   Ethylenic   Oxide  or  Ether ^  which   has   already  been 
mentioned  as  isomeric  with  both  vinylic  alcohol  and  acetic 
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C^^'Ho,Br+  CfH^-Ho^=i{C^cO-C^;)-Ho^+H-Br,  [522] 

CJI^-HoJ^  +  (  C^H^'  0-  C^yHo^  = 

{CJI^-O-C^H^-O'CJI^-Ho^'^  HBr,  [523] 
and  so  on. 

The  last  reactions  are  also  obtained  by  heating  together  the 
original  factors  in  closed  tubes.  The  several  changes  succeed 
each  other,  and  thus  more  and  more  complex  molecules  are 
gradually  built  up.  However  great  the  condensation,  these 
condensed  molecules  contain  but  two  typical  atoms  of  hydro- 
gen, and  when  oxidized  only  four  of  the  H  atoms  in  the  radi- 
cal can  be  replaced  with  oxygen  as  in  the  normal  glycol.  At 
least  this  is  true  of  diethylenic  and  triethylenic  glycol,  and  with 
these  alone  the  reactions  have  been  studied.  The  symbols  of 
the  acids  resulting  from  the  oxidation  in  the  two  cases  may  be 
written, 

{CJf^-O-C^O^y-O^^H^     and      {CJT^-OCJT^O-CiO^YOiHr 

The  compound  {C^H^-0'0iH^^02  is  also  known,  and  these 
remarkable  bodies  derive  a  special  interest  from  the  fact  that 
the  study  of  the  phenomena  which  they  present  has  furnished 
the  key  to  the  explanation  of  tlie  more  complex  phenomena  of 
the  same  kind  with  which  we  are  already  familiar  in  the  min* 
eral  kingdom. 

462.  Monobasic  Acids.  1.  Lactic  Family,  —  This  family  of 
acids,  which  represents  the  first  stage  in  the  oxidation  of  the 
glycols,  is  at  the  present  time  especially  interesting,  because  the 
phenomena  of  isomerism  have  been  here  studied  with  more 
success  than  in  any  other  class  of  compounds  of  equal  com- 
plexity. According  to  our  view,  the  normal  glycol  is  one 
which  admits  of  two  degrees  of  oxidation,  as  represented  in 
(459).  Such  a  glycol  may  be  represented  by  the  general 
symbol  Ho-{  CH^-{  CH^)^'CH^'Hoy  where  ( CH^)^  stands  for  any 
olefine,  and  common  glycol  is  the  first  term  of  the  series,  for 
which  n  =  0.  The  glycols  actually  known,  however,  with  the 
exception  of  the  first,  belong  to  a  different  type,  represented  by 
the  symbol  Ho'{CH^-CHVi)'Hoy  in  which  fi  stands  for  a  radi- 
cal of  the  methyl  series,  vid  which  is  capable  of  variation^ 
not  only  by  changing  this  radical,  but  also,  as  in  the  normal 
series,  by  the  addition  of  {CH^^  between  the  two  carbon  atoma 
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of  the  original  type.  Moreover,  it  is  evident  tTia^  we  miglit 
have  still  a  third  class  of  glycols  corresponding  to  the  genexil 
symbol  Ho-{ CB.i{ CH^)^- CVi^YHo. 

From  these  three  classes  of  glycols  we  should  evidently  ob- 
tain, at  the  first  stage  of  oxidation,  three  classes  of  acids,  thus  :— 


NohbaI.  Seconduy.  

Ho-{CO-CH^)-Ho,  m-{CO-CHU)-Ei,,  Bi>-(CO-CiBi^-&: 

Normal  Oleflne. 

ffo  -(  C0'{  CH^)^-  GH^-Ho, 

Secondary  Oleflne. 

m-{co-{  cB^),cimyHo, 

Tartteiy  OMbw. 

and  the  term  olefine  may  be  appropriately  used  to  distinguii^h 
the  succeeding  members  of  each  series  from  the  first.  More- 
over, it  is  equally  evident  that  by  replacing  with  univalent 
radicals  the  hydrogen  of  the  non-basic  hydroxy!  we  may 
obtain  a  whole  group  of  acids  corresponding  to  each  of  the 
members  of  the  above  scheme.  These  last  acids  we  shall  call 
etheric,  and  we  will  next  endeavor  to  show  that  the  symbob 
which  have  been  assigned  to  the  known  members  of  the  lactic 
family  of  acids  are  legitimately  deduced  from  observed  facts. 

463.   Normal  Acids,  —  Only  three  members  of  this  series 
are  known. 

Glycollic  Acid  Ho  -(  COOH^'Ho^ 

Paralactic  Acid  Ho'\cO-Cn^CH^yHo, 

Paraleucic  Acid  Ho -(  G0-{  CH^)^-  CH^-Ho. 

The  symbol  of  glycollic  acid  may  be  inferred  from  that  of 
glycol,  since  the  acid  is  a  product  of  the  direct  oxidation  of  this 
diatomic  alcohol.  The  symbol  of  paralactic  acid  may  be  re- 
ferred back  to  that  of  ethylene,  which  we  assume  to  be 
(CH^'CH^),  by  means  of  the  following  reactions  :  — 

1.  {CHi'CR^  +  COCk  =  Cl-{C0'CH^-OH^yCL 

2.  a-(CO'CHfCH^ya+3KHo=  r524l 

fi  GhloroproplonyUc  Chloride.  ^         ^ 

Xo'{CO-CHfCH,yHo  -f  2irc/+  H^O. 

IVtMile  Fantaciato. 
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So  also 

CN-{  CHi  CHtYHo  +  KHo  +  JST,  0  = 

CTtthjdAu.  Ko-{CO-CHfCHt)-Ho-\-NHt.  [525] 

PoCMdc  FUmlacUte. 

The  body  called  paraleucic  acid  was  formed  by  reactions  simi- 
lar to  [524],  using  amylene  instead  of  ethylene,  but  it  has  not 
yet  been  completely  investigated. 

464.  Secondary  Acids.  —  This  series  includes  the  most  im- 
portant acids  of  Uie  lactic  family,  and  corresponds  to  the  series 
of  known  glycols.  For  this  reason  its  members  are  regarded 
by  Frankland  as  the  normal  oompounds.  The  following  are 
here  classed : — 

Glycollic  Acid  Ho -(  CO-  CHHyHo, 

Lactic  Acid  Ho-( CO-CHMtf-Ho. 

Oxybutyric  Acid  Ho  -(  GOCHFAf  Ho, 

ValerolacUc  Acid  Ho  -(  COCHPrf  Ho, 

Leucic  Acid  Ho  -(  OOCHBuy-Ho. 

Glycollic  acid  may  be  regarded  as  belonging  to  both  the  nor- 
mal and  secondary  series.  Under  certain  conditions  it  is  formed 
in  the  oxidation  of  common  alcohoL 

2Ho-{OH^-CH^-H)  +80-0  = 

^**^*-  2Ho'{  CO-OH^yHo  +  2Zr,0.  [526] 

OljrooUle  '  " 


The  constitution  of  lactic  acid  is  made  evident  by  the  follow- 
ing considerations.  It  has  already  been  shown  that  the  symbol 
of  aldehyde  must  be  H'{CO'CH^.  When  this  is  acted  on  by 
PCI^  we  obtain  a  compound  isomeric  with  ethylene  chloride  by 
the  reaction 

H-iCO'CH;)  +  PCI,  =  C!^'(CH-CH,)  +  POCIt,  [627] 

Aldchjd*.  XthyUdtn*  Ghlovld*. 

This  productybowever,  differs  from  ethylene  chloride  both 
in  its  physical  and  chemical  properties,  and  it  must  therefore 
be  the  chloride  of  a  distinct  radical,  to  which  has  been  given 
the  name  of  ethylidene.  Moreover,  the  mode  of  its  production 
(190)  leaves  no  doubt  in  regard  to  its  constitution,  and  then  by 

ijre-(CfiiK        Et^iQH^      iV-(Cysr,h       Bu^iCAh 
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exclusion  we  fix  the  symbol  of  ethylene  as  well ;  for,  m  k 
evident,  the  atoms  C^/^  to  form  a  djad  radical^  moat  be 
grouped  in  one  or  two  ways,  either 

-(  Cllf  CIf,y,  or  «(  (7/r-  CJHi). 

Ethylene.  Ettylldea*. 

Now,  as  the  cyanhydrine  of  ethylene  yields  paralactic  aci^ 
80  the  cyanhydrine  of  ethylidene  yields  common  lactic  acid. 

Cy-hjdrineafBthyUdene.  K0'(00'CH3feyBo  -f-  i^t    [5»] 

Belt  of  Leettc  iftdC 

We  can  now  interpret  the  following  reactioQ  by  which  ladk 

add  is  obtained  from  propionic  acid  :  — 

1.  JIo-(CO-CIIfCH^)^Cl-Cl  = 

Propionic  Add.  ff^  ./  QQ.  QffQl  .  ^jgr^   ^  jg^^ 

ckloroproplonle  Add.  T^ddl 

2.  Ho-{CO-CHCl'Me)  +  2KHo  = 

Ko'(CO'CHMeyHo  +  KCl  +  ^O. 

We  are  thus  able  to  show  to  what  part  of  the  radical  of 
propionic  acid  the  hydrogen  atom  replaced  by  chlorine  be> 
longed.  Moreover,  it  is  evident  that  the  acid  which  would  be 
obtained  by  the  action  of  water  on  fi  chloropropionylic  chloride 
(463)  must  differ  from  that  formed  as  above,  and  we  can  waka* 
stand  the  reason  wtiy.  Lastly,  since  lactic  acid  has  also  been 
formed  by  the  oxidation  of  propylic  glycol,  we  conclude  that 
the  constitution  of  this  body  must  be  Ho\CH^CHMe)'H^w^ 
intimated  in  (462). 

For  the  methods  by  which  the  constitution  of  the  other 
members  of  this  series  has  been  established  we  mast  refer 
the  student  to  more  extended  works.  The  examples  giveo 
are  sufRcient  to  illustrate  the  general  course  of  the  reasoning. 

465.  Etkerie  Secondary  Acids.  —  No  secondary  olefine  add« 
are  known,  but  by  simple  metathetical  methods  we  can  easily 
replace  the  hydrogen  of  the  non-basic  hydroxy  1  in  the  oom- 
pounds  of  this  series  with  various  radicals,  and  the  foUowiaf 
bodies  will  serve  as  examples  of  the  products  thus  obtained  :«^ 

Methyl-glyoollic  Acid  Ho  -(  COCH^YMeo, 

Ethyl-lactic  Acid  Ho'{ CO- CHMeYEto^ 

Aceto-lacUc  Acid  Ho -{CO'  CHAkyAeo^ 

lAo'^-iCO'Cn^). 
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466.  Tertiary  Acids,  —  The  following  are  known  :  — 

Dimethoxalic  Acid  Ho -(  CO-  CMe^yHo, 

Ethomethoxalic  Add  Ho  -(  00  -  GMeEtyHo, 

Diethoxalic  Acid  Ho  \  CO  -  CEuyHo. 

Our  knowledge  of  the  constitation  of  these  acids  is  based  on 
the  beautiful  synthetical  method  (454)  by  which  they  were 
produced  by  Professor  Frankland,  who  has  also  obtamed 
etheric  acids  belonging  to  this  division,  but  no  corresponding 
olefin es  have  been  discovered. 

467.  Isomerism  in  the  Lactic  Family.  —  The  number  of  pos- 
sible isomeric  combinations  in  this  family  of  acids  is  evidently 
infinite.     The  following  are  two  of  the  known  examples :  — 


Ho'(CO-CH^-Cff,yHo, 

PanlacUc  Acid. 

Ho-(CO-CHMeyHo, 

LMtieAeid. 

Ho-{CO-CH^-Meo, 

Methyl-gljrconie  Add. 


Ho-iCO'CHEtyHo, 

Oxylmtyrlc  Acid. 

Ho'iCO'CMe^yHo, 

DbnethojuOle  Add. 

Ho-ico-CH^ymo. 

Einyl-glyeolBo  Add. 


468.  Lactic  Acid  is  by  far  the  most  important  member  of 
the  family  to  which  it  gives  name,  and  one  of  the  most  common 
of  the  organic  acids.  It  is  the  acid  of  sour  milk  and  sauer- 
kraut, and  is  a  general  product  of  putrefactive  fermentation. 
The  acid  contained  in  the  gastric  juice  and  many  other  animal 
fluids  is  said  to  be  paralactic  acid.  The  salts  of  lactic  acid  are 
very  numerous,  and  those  of  the  bivalent  metals  bind  two 
atoms  of  the  acid  radicals.  By  the  action  of  HI  lactic  acid 
may  be  converted  into  propionic  add. 

Ho-{  CO-CH-MeyHo  +  2HI= 

i^uc Add.         Ho'(CO-CH^-Me)  -|-  H^O  +  IL  [580] 

Prapionlo  Add. 

469.  Monobasic  Acids,  2.  Pyruvic  Series.  —  Two  members 
only  are  well  known :  — 

Glyoxalic  Add  Ho -(  CO-COyH, 

Pyruvic  Acid  Ho  {CO- COyMe. 

The  first  may  be  regarded  as  the  semi-aldehyde  of  oxalic  acid, 
a  compound  called  glyoxal  being  the  full  aldehyde,  thus :  — 

Ho -{CO-  coy  Ho,         Ho  (CO-  COyH,       H'(  CO '  coyH. 

OzaOo  Add.  Oljoxdio  Add.  OljozaL 


512  ALCOHOLS  AND  THEIR  DERIVATIVES.  [S^7^ 

Both  gljoxalic  acid  and  glyoxal  are  formed  when  <vMiT«ffli 
alcohol  is  oxidized  hy  nitric  acid. 

m-(Cff,-c/fs)  +  o,  =  B-{co-coyB-^  2^50. 

AlcohoL  OljoxaL 

[531] 
ff'( CO- coy H^  0  =  Ho-{CO- coyH. 

GlyoxaL  Oljozalie  Acid. 

Gljoxalic  acid  reduces  argentic  oxide  like  an  aldehyde,  and 
passes  into  oxalic  acid. 

Ho-{CO-CO)'H-{-  0  =  Ho-iCO'COyHo.      [5821 

GlyozaUo  Add.  Ozalio  Add. 

Compare  (479). 

The  relations  of  these  compounds  to  the  acids  of  the  lactk 
family  are  equally  close. 

Ho-(CO'COyHJ^  H-H=  Ho'{CO'CH^Ho. 

OlyozAlic  Add.  Glycolllc  Acid. 

[533] 
Eo-{CO-COyMe  +  H-H=  Ho'^CO-CHMeyiTo. 

FyruTle  Add.  LMtte  Add. 

470.  Dibasic  Acids.  1.  Succinic  Series.  —  Of  this  impoi^ 
tant  series  of  acids,  which  represents  the  second  stage  in  the 
oxidation  of  the  normal  glycols,  the  following  membera  are 
known :  — 

Oxalic  Acid  B6  -(  CO  -  CO)  Bo, 

Malonic  Acid  Bo  -(  CO-  CH^-  COyHo, 

Succinic  Acid  Ho  -(  C0-{  CJI,),-  COyBb, 

Pyrotartaric  Acid  Bo  -(  CO  -(  CW^),-  COyBo, 

Adipic  Acid  Bo-(CO-{CB,)fCOyBo, 

Piraelic  Acid  Bo  -( C0'(  CB,),-  COyBo, 

Suberic  Acid  Bo -(  C0'{  CB,),-  COyHo, 

Anchoic  Acid  Bo  '(C0'(  CB^)j-  COyBo, 

Sebacic  Acid  Bo  -(  CO  -( CB^)f  COyHo, 

Roccellic  Acid  Bo  -(  CO  -(  CB^i^-  COyHo. 

With  the  exception  of  the  first,  each  compound  in  the  aeriet 
admits  of  one  or  more  modifications,  the  possible  isomeric 
forms  rapidly  increasin<T  with  the  number  of  carbon  atoms  in 
the  olefine  radical ;  but  the  exact  constitution  of  these  bodies  hu 
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been  definitely  fixed  in  only  a  few  cases.  The  relation  of  the 
normal  acids  to  the  olefine  radicals,  which  they  are  assumed  to 
contain,  is  indicated  by  the  following  general  synthetical  method, 
by  which  they  may  be  produced :  — 

CJV-(CH,)nON-{-  2K'Ifo  +  2^,0  = 

Cyaoide  of  Badical.  ^^  .^  ^^.^  ^^^j^_  QQyj^^     ,     g^^^.    ["5341 

FOtMrio  teU  of  Dibulo  Acid. 

When,  on  the  other  hand,  these  acids  are  acted  on  by  aj^ents, 
which  determine  the  elimination  of  (70,  from  their  molecules, 
they  are  converted  first  into  monobasic  acids  of  the  acetic 
series,  and  then  into  hydrides  of  the  olefine  radicals.  In  some 
cases  the  action  of  heat  alone  is  sufficient  to  produce  the  result, 
but  in  most  cases  the  body  must  be  heated  with  some  caustic 
alkali  or  earth.  It  will  readily  be  seen  that  by  eliminating  first 
one  and  then  a  second  molecule  of  CO2  froni  the  dibasic  acid, 
the  two  compounds  on  the  same  line  would  be  successively 
formed.  The  name  is  omitted  when  it  is  not  known  that  the 
product  has  been  obtained  by  the  reaction  just  indicated. 


Ho'{CO-COyHo, 

Oxalic  Add. 

Ho-{COCH^-CO)'Ho, 

Malonlc  Acid. 

Ho\CO-C^H,-COyHo, 

Succinic  Acid. 

Ho-{CO-C^Hu-COyHo, 

Suberic  Acid. 

Ho-{CO-C^H,^-COyHo, 

Sebacic  Add. 


Ho-{CO-H), 

Formic  Acid. 

Ho-{CO-CH^), 

Ac«tie  Acid. 

Ho-{CO-C,H,), 

Propionic  Add. 

ffo-(CO-C,ff„), 
Ho-{CO-C^ff„), 


Hjrdrofen  Gm. 


ManhOM. 


Haxylcne  Hydridt. 
Oetylene  Hydrid*. 


It  will  thus  be  seen  how  closely  the  acids  of  the  succinic 
series  are  related  to  those  of  the  acetic  series,  and  the  same 
point  is  still  further  illustrated  by  the  following  beautiful  series 
of  reactions  by  which  acetic  acid  has  been  converted  into 
malonic  acid  and  the  order  of  the  changes  described  above- 
reversed. 

Ho-{CO-CH^)  +  Cl'Cl=  Ho'{CO'CH^Cl)  +  HCL 

Ho-^CO'CH^CT)  +KCy  =  KCl-^Ho-{CO'Cn^Oy).  [535] 

Ho-{CO'CH^CN)  +  2KHo=Ko-{CO-CH^'COyKo-\rNB^ 

22*  GO 
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In  the  same  way  succinic  acid  has  been  obtained  frai 
propionic  acid,  and  formic  acid  may  be  changed  into  oxalic  add 
still  more  readily. 

2Ho-{CO'H)  +  2K'0'H= 

471.  Sttccinic  Acid  was  originally  prepared  by  distilling 
amber,  and  takes  its  name  from  the  Latin  name  (succiHimm) 
of  this  fossil  resin ;  but  it  is  now  generally  obtained  by  the  fer- 
mentation of  crude  calcic  malate.  It  occurs  ready  formed  in 
amber,  in  certain  lignites,  in  some  varieties  of  turpentine,  and 
in  several  plants.  This  acid  is  a  frequent  product  of  the  oxi- 
dation of  organic  substances,  and  is  always  formed  together 
with  other  products  when  the  fat  acids  are  oxidized  by  nitric 
acid.  Succinic  acid  itself  singularly  resists  the  action  even  of 
powerful  oxidizing  agents.  It  forms,  like  oxalic  acid,  three 
classes  of  salts,  neutral  acid,  and  super  acid.  When  distilled 
it  breaks  up  into  water  and  an  anhydride. 

Ho-{CO'C,H,-COyHo=  0^((CO)fC,H^)  +  jg^O.  [536] 

Under  the  influence  of  nascent  oxygen  produced  by  electro- 
lysis it  yields  ethylene  carbonic  anhydride  and  water. 

ffo-(CO'C,H,-CO)'Ho+  0=  C,I/,+  200^^  B^O.  [537] 

472.  Dibasic  Acids.  2.  Fumaric  Series.  —  Two  sets  rf 
isomeric  compounds  are  known  corresponding  to  two  terms  of 
a  series  of  acids,  which  stand  in  the  same  relation  to  the  sue* 
dnic  series  that  the  acrylic  bears  to  the  acetic     Thus  we  hare 

Fumaric  Maleic  or  I<omaleic  Acids      Ho  -(  CO  -  C^F^  COylh^ 
Itaconic  Citraconic  or  Mesaconic  Acids  Ho-{  CO-C^H^ COyBs, 

The  first  term  admits  of  only  four  modificatious,  and  the 
choice  of  symbols  for  fumaric  and  maleic  acids  is  limited  bf 
the  fact  that  when  acted  on  by  nascent  hydrogen  they  boCk 
give  succinic  acid.  Furthermore,  both  acids  combine  direct^ 
with  two  atoms  of  bromine,  and  though  the  immediate  prodacti 
of  this  union  are  different,  yet  both  bromo  and  isobromo-Micciaie 
acids,  as  tliey  are  called,  produce  the  same  succinic  acid  wImb 
the  bromine  is  replaced  by  hydrogen. 
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The  second  term  may  be  Tailed  in  no  less  than  eleven  dif* 
ferent  ways,  and  the  three  formula  belonging  to  the  three  known 
acids  cannot  at  present  be  recognized. 

Tliese  bodies,  however,  are  related  to  pyrotartaric  acid,  just  as 
the  first  set  are  to  floccinic  acid.  All  t^ree  yield  this  product 
when  acted  on  by  nascent  hydrogen,  and  all  three  combine 
with  bromine,  foiming  brominated  acids  which  hydrogen  con- 
verts into  the  same  pyrotartaric  acid  as  before. 

Fumaric  and  Maleic  acids  are  both  formed  during  the  distil- 
lation of  malic  add,  from  which  they  differ  only  by  one  mole- 
cule of  water. 

Ho\CO-CH^-CHHo'CG)-Ho  = 

"^^^      Ho'(CO-OJIfCOyiIo^JI,0.  [538] 

.       Fmnuie  or  Maleic  Add. 

Malic  acid  is  the  acid  principle  of  apples,  and  of  many  other 
fruits.  Fumaric  acid  is  also  found  in  certain  plants,  hot 
maleic  acid  has  not  been  met  with  ready  formed  in  nature. 
Itaconic  and  citraconic  acids  are  products  of  the  distillation  of 
citric  acid.  The  third  terms  of  both  groups  are  products  of 
special  processes  which  cannot  be  traced. 


TRIATOMIC   COMPOUNDS. 

473.  Triatomic  Alcohols^  or  Giycerines. — Oommon  glycerine 
is  the  hydrate  of  the  triad  radical  (  C^H^)*  and  has  all  the  char- 
acteristics of  a  triatomic  alcohoL  The  natural  fats  are  mix- 
tures of  various  salts  of  the  same  radicals  associated  with  acids 
of  the  acetic  or  oleic  groups.  When  boiled  with  alkalies  these 
salts  are  decomposed,  a  hydrate  of  the  radical  (glycerine)  is 
formed,  and  alkaline  salts  of  the  fat  acids  result.  The  last  are 
familiarly  known  as  soaps,  and  such  reactions  are  termed 
iaponification.  We  can  also  saponify  the  fats  with  plumbic 
oxide,  and  then  the  lead  soap  (or  "  plaster  ")  being  insoluble  in 
water,  while  the  glycerine  is  solilble,  the  products  are  easily 
separated.  The  fats  may  even  be  saponified  by  water  alone,  if 
acting  at  a  high  temperature,  and  glycerine  is  produced  in  the 
arts  in  large  quantities  by  distilling  the  fats  in  a  current  of 
superheated  steam.  The  products  of  the  decomposition  pass 
over  together ;  but,  in  consequence  of  their  insolubility  and  low 
specific  gravity,  the  fat  acids  separate  from  the  glycerine  in  ihe 
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condenser.    Tlie  reaction  in  one  case  is  represented  bj  the  Al- 
lowing equation :  — 

«^'  {C,H,YO^H,  +  H^O^iC^H^O)^  [588] 

Qljcnin*.  StMile  Add. 

Glycerine,  like  all  the  true  alcohols,  readily  exchanges  H^  of 
its  radical  for  0  under  the  influence  of  oxidizing  agents,  and 
the  acid  product  is  called  glyceric  acid.  Theory  would  lead 
us  to  expect  two  stages  in  this  process,  and  two  corresponding 
acid»,  thus :  — 

Glycerine.  —     + 

(  CH-  CHt  coy  OiH^H, 

Olyoetle  Add.         __  —  + 


the  first  heing  triatomic  and  monobasic  and  the  second  triatomie 
and  dibasic.  The  second  add  has  not  as  yet  been  prodoeed 
by  the  direct  oxidation  of  glycerine,  but  there  cao  be  little 
doubt  that  tartronic  acid,  which  is  formed  by  the  spootaneooi 
decomposition  of  nitro-tartaric  acid,  is  the  acid  in  queation. 

When  acted  on  by  Hly  glycerine  is  converted  into  isopropylie 
iodide. 

(CH^-CH^'CHyHo^  +  bHI= 

(Cff,)r(C£r)'I+  3H^0  +  211.  [539] 

The  relations  of  glycerine  to  allylic  alcohol  and  propylie 
glycol  are  illustrated  by  [491  et  teq.']  and  [514]. 

Under  the  action  of  ffCl  glycerine  exchanges  Ifo  for  CI  ia 
two  successive  stages,  and  by  means  of  PClg  all  three  atoms  of 
Ho  may  be  thus  replaced. 

Qljcerine.  Monochlorhydrine.  DiehlorlkTdiliM.  TriehlorkjdriM* 

The  compound  ( CzH^yBr^  may  be  formed  by  a  similar  r^ 
action,  and  by  acting  on  this  first  with  argentic  aeetate  and  thea 
saponifying  the  ''  acetine  "  thus  produced,  glycerine  may  be  re- 
generated. When  acted  on  by  a  mixture  of  nitric  and  sol- 
phuric  acid  glycerine  yields  a  highly  explosive  compound,  nitro* 
glycerine,  which  may  be  regarded  as  a  nitrate  of  glyceryl,  or 

(cyai).o^(j^o^,  (31). 
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Theory  wonld  lead  us  to  expect  anhydrides  of  glycerine. 
The  first  anhydride  (called  Glycide)  would  have  the  symbol 
(C^H^^OjHo^  and  although  this  body  itself  is  not  known,  sev- 
eral of  wiiat  may  be  regarded  as  its  derivatives  have  been 
obtained. 

{C^H,yO,Ho,    {C^H.yO.Cl,    {C^H.yOJ,     {C,H,yHo,Cl,Br. 

By  reactions  similar  to  [521  et  seq.l^y  condensed  glycerines 
have  been  formed.     ThuB  we  have 

Diglyocrie  AlcohoL  Triglyccrie  Alcohol. 

which  are  evidently  alcohols  of  higher  atomicity  than  glycerine. 
Like  similar  polybasic  compounds,  they  may  be  regarded  as 
derived  from  a  group  of  two  or  three  molecules  of  glycerine 
by  the  elimination  of  a  sufficient  number  of  atoms  of  water  to 
furnish  the  oxygen  required  to  bind  together  the  basic  radicals 
(151).  Continuing  this  elimination  still  further  we  should 
obtain  a  series  of  anhydrides,  one  of  which  is  known,  viz. 
( 63/^=02=  (78^)=  Oj'/^g,  and  also  a  corresponding  chlorhydrine 
(C,H,^0.fC,H,yB6J. 

The  following  reactions  illustrate  the  formation  of  some  of 
the  above  compounds  :  — 

(  C^H.Y  0,  CI  +  HBr  =  (  C^H,YHo,Br,  CI       [541] 

(c,if,y-o,ci  +  Ki=  (CsH.yoj^  kci 

474.  Ethers  of  Glycerine.  —  By  the  action  of  Na-Q-CfH^ 
upon  mono-,  di-,  and  tri-chlorhydrine,  we  can  replace  either 
one,  two,  or  all  three  of  the  atoms  of  typical  hydrogen  in  gly- 
cerine with  ethyL    The  products  have  been  called  ethylines. 

(C,H,yO^^JI0,B^    (C^^^O^jr^)^,      (C.%^ig(C.ffO, 

By  heating  glycerine  with  acetic  acid  the  typiSil  atoms  of 
hydrogen  may  be  replaced  by  the  radical  acetyl  in  the  same 
three  proportions :  — 

Triaoetfne. 
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IJung  in  a  similar  way  acids  higher  in  the  series^  bodies  unihr 
to  the  fats  may  be  produced.  The  natural  oils  and  £iUs  m 
mixtures  of  such  salts,  chiefly  those  of  palmitic  Btemrie  and  ofeie 
acids.  The  solid  fats  consist  chiefly  of  stearinea  and  palmitisei^ 
and  the  liquid  fats  of  oleines.  The  so-called  drying  oiU,  whxSi 
when  exposed  to  the  air  absorb  oxygen  and  change  to  a  dry  resin- 
ous mass,  are  for  the  most  part  ^  glycerides  ^  of  acids  not  belong- 
ing to  the  acetic  series,  although  dosely  related  to  it.  All  glj- 
cerides,  when  heated  in  the  air,  are  decomposed  and  yicU 
among  other  products  acrolein  whose  penetrating  odor  is 
highly  characteristic.  This  volatile  body  is  formed  abandandj 
when  glycerine  is  heated  with  substances  having  a  stroi^ 
attraction  for  water,  such  as  phosphoric  anhydride,  sulphnrie 
acid,  or  still  better  acid  potassic  sulphate. 

Propylic  alcohol,  propylic  glycol,  and  glycenoe  are  all  dotelj 
related  compounds,  and  may  be  regarded  as  derived  from  tlw 
same  hydrocarbon, 

C^j-Bo=CsIIsO,    C^'ffOi=C^ffsO»    CJI^Ho^=lCAO^ 

and  hence  common  glycerine  is  distinguished  as  propylic  gly- 
cerine. Araylic  glycerine,  the  only  other  compound  of  the 
series  which  has  been  produced,  has  not  been  thoroughly  iuTe*- 
tigated. 

475.  Tnhanc  Acid.  —  A  triatomic  acid  of  this  class  hu 
been  obtained  from  glycerine  by  the  following  reaction :  — 

C^iBr^  +  ZKCy  =  3KBr  +  C^H^Oy^ 

[543] 

Oljceryl  Cyanide.  FotMtie  THcarbaBykite. 

The  tricarballylic  acid  may  be  regarded  as  the  third  stage  of 
oxidation  fwm  an  unknown  hexyl  glycerine,  and  aconitic  add, 
found  in  the  roots  and  leaves  of  monkshood,  is  the  correspond- 
ing acryloid  compound. 

Aeetold.  Acryloid. 

Ho-CO-C^Hr,  Ho-CO'CJl^ 

Butjrric  Acid.  Crotonic 


TriMitattjUcAcM.  AooBllleAcUL. 
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Aconitic  acid  may  be  obtained  by  cautiously  heating  citric 
acid,  but  at  the  temperature  of  160^  it  loses  COf  aud  is  con- 
verted into  itaconic  acid,  already  mentioned  among  the  dia- 
tomic compounds. 

{ffo  -  00)^  GJS^  —  CO^  =  {Bo  -  CO)r  CJf^      [544] 

AeonMc  Add.  Iteoonie  Add. 

Citric  acid,  the  well-known  acid  principle  of  the  lemon,  bat 
which  is  also  found  in  many  other  fruits,  although  only  tribasic, 
is  tetratomic  and  therefore  belongs  to  the  next  division.  It 
differs  from  aconitic  acid  by  only  a  single  molecule  of  water, 

(ffo-CO)^C,B^-H6  —  B^0=  (Ho-00)eC^H^     [545] 

atiloAcld.  AamilioAdd. 

and    hence    the    transformations  which  it  undergoes   when 
heated  (472). 

TETRATOMIC  COMPOUNDS. 

476.  Tetratomic  Alcohol.  —  Erythrite,  a  white  crystalline 
material  extracted  from  various  lichens,  is  regarded  as  an  alco- 
hol of  this  class.  It  combines  with  the  fat  acids,  forming 
ethers,  and  it  contains,  as  the  symbol  given  below  indicates, 
four  atoms  of  typical  hydrogen.  The  following  reaction  ex- 
hibits its  constitution,  and  the  symbols  which  follow  show  its 
relations  to  butylic  aloohoL 

C^H^Ho^  +  IHI  =       CJI^-HJ     +  4/r,0  +  8/-Z  [546] 

Erythrite.  BntylaiM  lodo-hydride. 

Ci-^o*  O^Hy^O,         O^ffmO^  C^HioOff,       C^IfioO^. 

ButyUc  Hydride.   BatyUeAioohoL        BntjUc  GljrooL       Unknown  Oljoniat.      Enrthrite. 

Theory  would  lead  us  to  expect  three  acids  from  the  oxida- 
tion of  erythrite,  but  of  these  only  one  is  known.  The  second 
derivative  is  tartaric  acid,  whose  tetratomic  and  dibasic  char- 
acter, already  illustrated  (209),  is  thus  explained :  — 

Erythrite.  Unknown.  IwluteAdd.  unknown. 

—   + 

Citric  acid,  G^^O^W^^H^H^  is  a  homologue  of  the  unknown 
third  derivative,  and  may  be  regarded  as  derived  in  the 
way  from  an  unknown  alcohol  of  this  series. 
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Tartaric  acid  is  closely  allied  both  to  malic  and  succinic  adds. 
Malic  acid  is  a  homologue  of  tartaronic  acid,  and  both  have  al- 
ready been  mentioned.  As  the  following  symbols  show,  thrj 
differ,  each  from  the  next  in  order,  by  a  single  atom  of  oxygen. 

C,H,0,,  C,H^O^  CJI^O^ 

or       +  or     _  +  or     _   ^ 

C,H,  Oi-  Oi-H^  CJI^  Oi  OfH^H^  C;  H^  Of  O^H^H^ 

Succinic  Acid.  Malic  Add.  TnurUuic  Add. 

When  tartaric  acid  is  heated  with  HI  it  is  reduced  first  to 
malic  acid,  and  then  to  succinic  acid,  and  on  the  other  hand  by 
treating  bromo-  and  dibromo-  succinic  acids  with  water  and 
argentic  oxide  the  reverse  change  may  be  effected.  The  re- 
markable isomeric  modifications  of  tartaric  acids  have  already 
been  noticed  (70),  (85). 

HEXATOMIC  COMPOUNDS. 

477.   Mannite,  —  No  well-defined  pentatomic  compounds  an 
known,  but  several  hexatomic  compounds  have    been  distin- 
guished, and  it  is  probable  that  many  of  saccharine  bodies  be- 
long to  this  class.     By  extracting  common    manna  (the  ex- 
udation from  several  species  of  ash)  with  boiling  alcohol  we 
easily  obtain  a  highly  crystalline  white  solid,  slightly  sweet  to 
the  taste,  which  is  called  mannite.     This  substance  is  a  hexa- 
tomic alcohol,  and  its  composition  is  represented  by  the  symbol 
Ce^iO^i^.     Its  constitution  is  indicated  by  the  following  cir- 
cumstances :  1.  When  treated  with  a  mixture  of  nitric  and 
sulphuric  sxcuU  it  yields  a  product  similar  to  nitro-glycerine 
C^H}0^{NO^Q.     2.  It  forms  numerous  compounds  with  the 
fat  acids,  in  which,  as  before,  six  atoms  of  hydrogen  are  re- 
placed by  the  acid  radical ;  for  example,  the  symbol  of  the 
compound  with  stearic  acid  is   C^H^l0^l{C^^H^O)^     8.  It  » 
acted  on  by  HI  in  a  similar  manner  to  erythrite  and  glycerine. 

C,HfJTo,  +  11^=  C,H^-HI^  +  6i^0  +  5/-Z  [547] 

4.  By  means  of  oxidizing  agents  mannite  may  be  converted  into 
two  acids  —  mannitic  acid,  HJO^IC^H^O,  and  saccharic  add, 
^i  Oei  rjjfli  Oj,  —  which  bear  the  same  relation  to  this  hexatomic 
alcohol  that  glyceric  and  tartaronic  acids  bear  to  glycerine. 

1  The  products  obtained  in  [&3&],  [546],  and  [647],  althongh  itooieric  vith 


§478.]         HEXATOMIO  COMPOUNDS.  521 

478.  Saccharine  and  Amylcu:eou9  Bodies.  —  Woody  fibre,  or 
cellulose,  starch,  gum,  and  sugar,  together  with  water,  consti- 
tute the  great  mass  of  all  vegetable  organism,  and  are  the 
materials  on  which  the  animal  chiefiy  subsists.  But  although 
these  bodies  play  such  an  important  part  both  in  yegetable  and 
animal  physiology,  we  have  but  little  knowledge  of  their 
chemical  constitution  beyond  their  empirical  formulae.  They 
have  been  divided  into  three  classes,  —  1st  The  Arayloses,  in- 
cluding woody  fibre,  starch,  and  gum,  all  of  which  are  materials 
incapable  of  crystallization,  and  for  the  most  part  organized. 
2d.  Sucroses,  including  cane  sugar,  sugar  of  milk,  and  the 
sugars  from  different  varieties  of  manna,  which  have  a  crys- 
talline structure,  but  are  not  susceptible  of  direct  fermenta- 
tion, dd.  Glucoses,  including  grape  sugar  and  fruit  sugar, 
which,  under  the  influence  of  yeast,  break  up  into  alcohol  and 
carbonic  anhydride. 

These  bodies  contain  hydrogen  and  oxygen  in  the  propor- 
tions to  form  water,'and  therefore  have  been  called  the  hy- 
drates of  carbon  ;  but  there  is  no  reason  for  believing  that  the 
atoms  are  grouped  as  this  name  would  indicate.  The  com- 
position of  the  bodies  of  each  class  is  essentially  the  same, 
and  may  be  represented  by  the  following  symbols :  — 

Amy  loses,  Ce/^o^5»    Sucroses,  Cia^Ou;    Glucoses,  C^Hy^O^. 

It  is  probable,  however,  that  some  of  them  ought  to  be  repre- 
sented by  multiples  of  these  formulae,  and  several  of  them 
contain  in  addition  one  or  more  molecules  of  water  of  crys- 
tallization. 

The  glucoses  have  evidently  the  simplest  molecular  structure 
of  this  class  of  bodies.  They  consist  for  the  most  part  of  two 
isomeric  substances  which  are  most  readily  distinguished  by  the 
action  which  they  exert  when  in  solution  on  the  plane  of  polar- 
ization of  a  ray  of  light.  One  turns  the  plane  to  the  right  and 
the  other  to  the  left  (85),  and  hence  they  have  been  called 

the  iodiden  of  the  alcohol  radicals,  are  not  identical  with  them.  If  treated 
with  Ag^  0  and  Ht  0,  they  are  converted  into  pwudo-alcohols  similar  to  iso- 
propylic  alcohol,  and  their  symbols  may  bo  written  on  either  of  the  two  types 
represented  in  the  reactions  just  referred  to.    Thns  we  may  write 

C^H.t^HI,  or  {CtHnUCtH^HCnyL 

HezyUna  Iodo-hydiid«.  WJMzyUc  lodkU. 
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Dextrose  and  Levulose.  Thej  are  found  mixed  together  in 
hoDey,  in  the  juices  of  acid  fruits,  and  in  tlie  uncrjstaUisaUe 
sirups,  called  molasses,  formed  in  the  extraction  of  sugar,  wai 
they  may  readily  be  produced  artificially  by  the  action  of  dilute 
acids  and  certain  ferments  on  the  different  varieties  of  starck 
and  sugar.  When  common  starch  is  heated  with  dilute  siit 
phuric  acid,  it  changes  into  dextrose ;  but  a  yariety  of  starch  ex- 
tracted from  the  dahlia-root  changes  under  the  same  conditioM 
into  levulose.  Cane-sugar  under  similar  influeooe  forms  a 
mixture  of  dextrose  and  levulose. 

0^12^22^11  +  ^^0  =  Ceffi,0,  +  CeffuO^.        [548] 

SucroM.  DcxtroM.  l^roloae. 

Tiie  acid  acts  merely  by  its  pre:sence,  and  remains  unchanged 
during  tlie  proce>8.  Nitric  acid  oxidizes  glucose  to  saoeharie 
or  oxalic  acids  ;  and  under  the  influence  of  nascent  hjrdrogea 
levulose  changes  to  mannite.  We  may,  therefore,  regard  it  as 
the  aldehyde  of  this  hexatomic  alcohol, 

CeffuO^  C,ff,,Oe.  C,ff,^Or.  C^H^O^ 

MAimita.  LevuloM.  HanniticAdd.  BmethmriKAdL 

By  the  action  of  nitric  acid  on  milk,  sugar,  or  gum-arabic^ 
an  acid  isomeric  with  saccharic  acid  called  muoic  acid  is  formed, 
and  by  the  gentle  action  of  nitric  acid  on  saccharic  add  Uutane 
acid  may  be  produced. 

All  the  amylaceous  and  saccharine  bodies  form  more  or  less 
stable  compounds  with  strong  bases,  and  most  of  them  when 
treated  with  a  mixture  of  nitric  and  sulphuric  acids  yield  pro- 
ducts similar  to  nitro-glycerine,  of  which  gun-cotton  (31)  is  the 
best  known. 

479.  Glucosides.  —  Under  the  prolonged  influence  of  heat, 
glucose  has  been  united  with  acetic,  butyric,  stearic,  and 
benzoic  acids,  and  a  class  of  compounds  obtained  similar  to  the 
fats.  The  compound  formed  with  acetic  acid  is  represented  by 
the  symbol  ( CfiH^Os)i( C^H^O)^  These  glucosides  are  interest- 
ing because  they  are  probably  allied  to  a  class  of  substances 
found  in  many  plants,  which  under  the  influence  of  ferments 
yield  glucose,  together  with  other  bodies.    The  most  important 

^mygdaline,  found  in  bitter  almonds,  together  with  an 
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albuminous  substance  called  Bjnaptase^wluch  when  the  almond 
meats  are  bruised  determiaes  the  following  reaction :  — 

C^„NOn  +  2ff^O=OrB,0-]^IlCN'}'2Cen,^0^    [549] 

AmygdaliiM.  Oil  of  Bitter  OIucom. 

Almondi. 

2.  Salicine,  contained  in  the  pith  of  the  willow  and  poplar, 
which  in  presence  of  certain  ferments  is  decomposed  as 
follows :  — 

C^By^Oj  +  ff,0  =  Crff,0,  +  Ceff,sO^         [550] 

Salidne.  Baligenine.  GIucom. 

3.  Tannine  or  Tannic  Acid,  widely  diffused  in  the  bark  of 
plants,  and  well  known  for  forming  an  insoluble  compound 
with  gelatine  (as  in  tanning  leather),  and  for  producing  a  black 
color  (ink)  with  ferric  salts.  This  body  when  exposed  in  a 
moist  state  to  the  air,  or  treated  with  dilute  acid,  forms  glucose 
and  gallic  acid. 

Oz^a^ir  +  4ir,0  =  8  CjH^Os  +  QB,^0^      [551] 

Tannine.  Gallic  Add.  Ginooae. 

480.  Fermentation. -^Thi9  term  is  applied  to  a  number  of 
remarkable  chemical  processes,  which  depend  upon  the  life  and 
growth  of  a  very  low  order  of  organized  beings,  belonging 
chiefly  to  the  vegetable  kingdom.  These  organisms  are  the 
efficient  part  of  what  is  called  the  ferment  or  yeast.  'The  fer- 
menting material  is  their  appropriate  food,  and  the  products  of 
fermentation  are  in  some  unknown  way  determined  by  the 
vital  process,  different  ferments,  that  is  different  organisms, 
producing  different  results.  Moreover,  we  can  frequently  dis- 
tinguish between  the  growth  and  propagation  of  these  organisms, 
and  the  normal  vital  proceas  by  which  the  products  of  fermen- 
tation are  evolved ;  the  first  requiring  the  presence  of  certain 
materials,  chiefly  albuminous,  which  otherwise  take  no  part  in 
the  chemical  change.  The  germs  of  these  living  beii:\gs  are 
widely  diffused,  floating  even  in  the  atmosphere,  and  begin  at 
once  to  grow  as  soon  as  a  fermentable  liquid  and  the  right 
temperature  supply  the  conditions  of  active  life.  Fermentation, 
therefore,  may  set  in  without  the  apparent  addition  of  any  fer- 
ment, and  on  the  other  hand  the  change  may  be  preventi^d  by 
sealing  up  the  material  in  air-tight  cans  previously  heated  to 
Buch  a  temperature  bb  wiU  insure  the  destruction  of  all  living 
germs. 
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The  principal  modes  of  fermentation  are :  -~ 

1.  Alcoholic  fermentation  caused  by  a  fuogus,  the  Tormh 
cerevisise,  commonly  called  yeast,  which  eonverts  glucose  into 
alcohol  and  carbonic  anhydride,  forming,  however^  at  the  ^mn 
time  a  small  amount  of  succinic  acid  and  glycerine. 

C^HuO^  =  2  QZt  ^  +  2  CO,  [552] 

2.  Acetous  fermentation,  induced  by  the  Myooderma  Tini,  by 
which  alcohol  is  changed  into  vinegar. 

8.  Lactic  fermentation,  in  which  the  PenicUliam  gUiacam 
converts  saccharine  materials  into  lactic  acid. 

C^H^O^  =  2  C^H,Oj^  [558] 

4.  Butyric  fermentation,  supposed  to  be  caused  by  an  animal, 
in  which  lactic  acid,  formed  as  above,  is  changed  into  butyric 
acid. 


2  Cg/^Oa  =  C,H^O^  +  2  CO,  +  2H-ff.  [554] 

5.  Mucous  fermentation,  which  sugar  undergoes  under  the 
influence  of  the  '^  mucous  ferment,"  giving  rise  to  the  escape 
of  carbonic  anhydride  and  hydrogen,  and  the  formation  of 
mannite,  together  with  a  peculiar  gum  and  a  mucilaginous 
substance. 

481.    Conchmon,  —  The  different  forms  of  fermentation  are 
but  lower  modes  of  the  manifestation  of  that  obscure  power  by 
which  animals  and  plants  not  only  prepare  the  materials  of  their 
tissues,  but  also  secrete  from  their  organisms  the  various  pro- 
ducts  of  their  vital  processes.     As  has  been  shown,  we  have 
been  able,  to  a  limited  extent,  to  achieve  in  our  laboratories  the 
same  result!^,  and  we  can  see  no  limit  to  our  synthetical  meth- 
ods.    Nevertheless,  we  have  not  been  able  as  yet  to  protluce 
any  of  the  materials  which  make  up  the  great  mass  of  the  tis- 
sues of  all  organized  beings,  and  this,  which  is  true  of  the  gum, 
starch,  and  woody  fibre  of  plants,  is  true  to  a  still  greater  de- 
gree of  such  materials  as  albumen,  caseine,  gelatine,  fibrine.  d^ 
which  are  the  main  constituents  of  the  animal  body.     In  regard 
to  the  composition  of  these  nitrogenized  compounds  we  have  no 

owledge  except  that  which  may  be  obtained  by  ultimate 
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analysis ;  and  although  we  have  every  reason  to  believe  that 
future  investigation  will  reveal  their  molecular  constitution,  so 
far  as  they  are  simple  chemical  compounds,  yet  in  most  cases 
the  substance  of  these  bodies  cannot  be  isolated  from  the  organic 
structure  which  determines  in  a  great  measure  their  distinctive 
qualities ;  and  not  only  has  man  never  been  able  to  make  the 
simplest  organic  cell,  but  the  whole  process  of  its  growth  and 
development  is  utterly  beyond  the  range  of  his  conceptions. 
Moreover,  even  in  regard  to  those  simpler  products  of  organic 
life  which  we  have  been  able  to  reach  by  synthesis,  we  have  no 
knowledge  of  the  processes  by  which  they  are  formed  in  organic 
nature. 

The  vegetable  kingdom  is  a  great  laboratory,  in  which  the 
sun's  rays  manufacture  from  the  gases  of  the  atmosphere,  and 
from  a  few  earthy  salts  of  the  soil,  the  diflferent  materials  which 
the  organic  builders  employ.  The  animal,  unlike  the  plant,  has 
not  the  power  of  forming  the  substance  of  its  tissues  from  inor- 
ganic compounds,  but  it  receives  from  the  vegetable  laboratory 
the  materials  required  ready  formed.  It  transmutes  these  pro- 
ducts into  a  thousand  shapes  in  order  to  adapt  them  to  its  wants ; 
but  its  peculiar  province  is  to  assimilate  and  consume,  not  to 
produce.  The  nitrogenized  compounds  just  referred  to  are  the 
portion  of  its  food  which  supplies  the  constant  waste  attending 
all  the  vital  processes.  The  non-nitrogenized  starch  and  sugar, 
although  they  form  the  greater  part  of  our  food,  are  never  incor- 
porated into  the  tissues  of  the  body,  but  are  merely  the  fuel  by 
which  its  temperature  is  maintained.  Here,  however,  chem« 
istry  stops,  and  the  science  of  physiology  begins. 

In  closing  this  summary  of  facts,  we  must  remind  the  student 
that,  as  we  stated  in  the  introduction,  we  have  made  no  attempt 
at  completeness.  Although  the  chief  characteristics  of  all  the 
chemical  elements  have  been  illustrated,  yet  important  classes 
of  compounds  have  been  necessarily  lefl  unnoticed,  and  this  is 
especially  true  in  the  last  division  of  the  book.  Organic  chem- 
istry presents  such  a  vast  array  of  facts  that  the  attempt  to 
comprehend  the  whole  field  would  simply  lead  to  confusion,  and 
serve  no  useful  end.  We  have,  therefore,  limited  our  scope  to 
those  classes  of  compounds  whose  molecular  structure  is  well 
understood,  and  our  great  object  has  been  to  illustrate  the 
methods  by  which  a  knowledge  of  thb  structure  has  been 


526  QUESTIONS  AND  PROBLEHS.  [§48L 

reached.  It  is  by  these  methods  thftt  the  new  philosopbj  of 
chemistry  is  chiefly  distingoished  from  the  old,  and  to  them  we 
shall  especially  direct  the  stodent's  attention  in  the  cpiestioas 
which  follow.  He  should  not  content  himself,  however,  with 
simply  answering  these  questions,  but,  by  an  exhaustive  study 
'of  all  the  reactions  which  have  been  given,  and  by  a  oonstaol 
use  of  graphic  symbols,  endeavor  to  become  imbaed  with  die 
spirit  of  the  philosophy  which  it  has  been  the  object  of  thii 
book  to  illustrate. 

QueiUans  <xnd  Problems. 

Carbon  and  Oxygen, 

1.  Deduce  the  atomic  weight  of  carbon,  and  state  the  fiicts  and 
principles  on  which  the  conclusion  is  based. 

2.  When  the  product  of  the  combustion  of  coal  is  CO,  what  |ii»> 
portion  of  the  calorific  power  of  the  fuel  is  lost  ?     (61). 

3.  Is  the  combination  of  CO^  with  additional  carbon  in  passing 
through  a  mass  of  incandescent  coal  attended  with  an  evolation  or 
an  absorption  of  heat  ?  Estimate  the  amount  of  the  effect  pio> 
duced. 

4.  Illustrate  by  examples  and  seek  to  establish  by  reactions  or 
other  facts  the  oxatyl  theory  of  the  constitution  of  oi^ganic  acids. 

Carbon  and  Nitrogen, 

5.  On  what  facts  is  the  symbol  of  cyanogen  gas  based  ? 

€.  In  what  respects  floes  HCy  resemble,  and  bow  does  it  diflw, 
from  the  hydrogen  acids  of  the  chlorine  group  ? 

7.  What  is  the  distinction  between  the  two  classes  of  doobls 
metallic  cyanides? 

8.  Represent  by  graphic  symbols  the  constitution  of  several  of  die 
polymeric  compounds  of  cyanogen,  including  the  ferro  and  fistn- 
cyanides  of  potassium. 

9.  What  proof  is  furnished  by  the  reactions  of  (425)  that  the 
amine  and  amide  compounds,  there  mentioned,  have  the  constitiitioQ 
repnwAnted  by  the  symbols  assigned  to  them  ? 

%t  the  reactions  given  in  (425),  writing  the  symbol  of 
after  the  ammonia  type. 

lent 'by  graphic  symbols  the  constitution  of  cyanio 
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ether  and  cyanethoHne  respectively,  and  give  the  reactions  from 
which  the  symbols  are  deduced. 

1 2.  Urea,  when  in  solution  m  water,  changes  into  ammonic  car- 
bonate.    Write  the  reaction. 

Carbon  and  Hydrogen, 

13.  How  many  essentially  different  modes  of  grouping  are  possi- 
ble with  a  carbon  skeleton  of  four  atoms,  assuming  that  no  atom  is 
united  to  any  one  of  its  neighbors  by  more  than  one  of  its  affinities  ? 
How  many  with  a  skeleUnd  of  five  atoms,  &c.  ? 

14.  Make  a  table  of  the  possible  hydrocarbons  in  series  of  homo- 
logues  and  isologues. 

15.  How  many  essentially  different  modes  of  grouping  are  possi- 
ble with  the  compounds  CJJ^^y  ^J^w  *°^  ^a^a  ^ 

16.  Is  the  number  of  ^  atoms  in  the  molecule  of  a  hydrocarbon 
necessarily  an  even  number  ? 

17.  Is  any  evidence  given  of  the  synthesis  of  marsh  gas  ? 

18.  Why  may  the  three  expressions  CJI^-C^H^y  C^H^-CH^  and 
CJIy^  represent  identical  compounds  ? 

19.  Explain  the  manner  in  which  the  successive  hydrogen  atoms 
(tf  C^H^  may  be  replaced  by  bromine. 

20.  Write  the  symbols  of  the  different  hydrocarbons  of  the 
phenyl  series  on  the  assumption  that  they  all  contain  the  radical 
C^H^  united  to  the  radicals  of  the  methyl  series,  and  show  how  many 
isomeric  modifications  are  possible  in  each  case. 

21.  Describe  the  method  of  preparing  aniline  from  benzol. 

22.  Show  by  graphic  sygibols  the  relations  of  the  radicals  aUyl 
and  glyceryl. 

23.  Illustrate  by  grapliic  symbols  the  relations  of  the  oxygenated 
to  the  simple  hydrocarbon  radicals,  and  explain  the  prmciple  stated 
in  (436).. 

MonaUmic  Alcohch^  ifc.    Marsh  Gas  Series, 

24.  Represent  graphically  the  constitution  of  the  alcohols  of  th* 
marsh  gas  series,  and  show  Uiat  the  reactions  of  (488)  sustain  your 
theory. 

25.  Write  a  series  of  reactions  by  which  the  synthesis  of  propylic 
alcohol  can  be  effected,  starting  wiUi  mineral  substances. 

26.  Analyze  reactions  [438]  and  [439],  and  trace  the  action  of 
nascent  hydrogen  and  iV^O,  in  these  cases  as  illustrating  their  use 
as  reagents  in  organic  chemistry. 
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27.  What  general  method  of  preparing  the  amines  (167)  b  inifi- 
cated  by  [438]  ? 

28.  Show  that  the  constitutioQ  of  acetic  acid  majr  be  deduced 

from  [374],  [443],  [448],  and  [449]. 

29.  Write  a  series  of  reactions  by  which  acetic  acid  may  be 
converted  into  propionic  acid. 

SO.  What  is  the  use  of  P,0^  as  a  reagent  in  oi^ganic  chemistry 

[445] ? 

31.  Analyze  reaction  [444]  and  show  what  an  important  efieet 
can  be  produced  by  the  action  of  potassic  hydrate  ou  the  cyanide 
of  a  hydrocarbon  radical.     Compare  [389]. 

32.  What  conclusions  would  you  deduce  from  reactions  [450)  to 
[452]  in  regard  to  the  constitution  of  the  fat  acids  ?  lilutorate  by 
developing  in  full  the  rational  formula  of  butyric  acid. 

33.  What  are  the  several  sources  of  palmitic  acid  ? 

34.  Compare  the  constitution  of  iso-butyric  and  iso  valeric  adds 
obtained  by  [456]  and  [457]  with  the  normal  compounds.  Are 
other  isomers  possible  ? 

35.  Write  the  reactions  by  which  methylic  ether  is  prepared. 

36.  Explain  the  process  of  etherification  as  illustrated  by  [458] 
and  [459].  What  is  the  essential  difference  of  conditions  in  the 
two  reactions  ? 

87.  Write  the  reactions  by  which  common  ether  may  be  obtuned 

after  [461]. 

38.  Make  a  table  of  the  different  ethers. 

89.  All  the  hydrogen  atoms  of  methylic  ether  may  be  replaced 
by  chlorine  in  successive  pairs.  Write  the  symbols  of  the  compoands 
thus  formed. 

40.  Analyze  reactions  [461]  as  illustrating  the  use  of  sodium  as  i 
reagent  in  organic  chemistry. 

41.  Describe  the  methods  of  preparing  the  compound  ethers,  and 
compare  them  with  the  reactions  by  which  mineral  salts  are  ob- 
tained. 

42.  Show  in  what  way  the  presence  of  a  strong  acid  assists  the 
reactions  expressed  by  [466]  and  [467], 

43.  To  what  docs  saponification  correspond  in  mineral  chemistzy? 

44.  Write  the  reaction  of  water  on  acetic  ether. 

45.  Write  the  reaction  by  which  butyric  anhydride  may  be 
pared. 
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46.  Write  tbe  reaction  of  water  on  acetic  anhydride. 

47.  Compare  the  effects  of  PCl^  and  PCl^  when  used  as  reagents 
in  organic  chemistry,  so  far  as  illustrated  by  [471]  and  [34]. 

48.  In  what  manner  may  the  haloid  ethers  be  converted  into 
amines? 

49.  Chloroform  may  be  regarded  as  the  chloride  of  the  trivalent 
radical  CH.  Do  you  know  of  any  reaction  which  illustrates  this 
point  ? 

50.  Analyze  the  reactions  by  which  the  aldehydes  are  formed, 
and  show  how  far  they  indicate  the  constitution  of  these  bo<iies. 

51.  Wrfte  the  reaction  which  takes  place  when  the  aldehydes  are 
heated  with  potassic  hydrate. 

52.  Represent  by  graphic  symbols  the  constitution  of  tbe  alde- 
hydes and  ketones,  and  show  that  the  chemical  relations  of  the  two 
classes  of  isomeric  compounds  are  the  result  of  a  difference  of  atomic 
grouping.  Show  also  that  yonr  theory  of  the  constitution  of  these 
bodies  is  a  legitimate  inference  from  the  reactions,  of  which  they 
are  suisceptible. 

53.  Illustrate  by  graphic  symbols  the  difference  between  tbe 
pseudo-alcohols  and  the  normal  compounds  and  the  relations  in  which 
they  stand  to  the  ketones  and  aldehydes  respectively.  Show  that 
the  symbols  assigned  to  the  normal  and  secondary  alcohols  are  le- 
gitimately deduced. 

54.  Compare  by  the  graphic  method  the  constitution  of  the  three 
classes  of  alcohols.  Take  heptyl  alcohol  with  its  isomers  as  an  ex^ 
ample,  and  point  out  the  differences  in  the  carbon  skeletons  of  these 
isomeric  compounds.    In  what  does  a  normal  alcohol  consist  ? 

55.  Make  a  table  exhibiting  tbe  relations  of  the  different  com- 
pounds of  the  marsh  gas  series  including  hydrocarbons,  alcohols^ 
acids,  aldehydes,  acetones,  and  ethers. 

Vinyl  Series, 

56.  The  differences  between  the  vinylic  and  ethylic  al.cohols  may 
be  referred  to  what  differences  in  the  structnre  of  the  carbon  skele- 
ton of  these  two  classes  of  compounds  ?  What  proof  have  yoa 
that  such  a  difference  exists  ? 

57.  Compare  by  the  graphic  method  the  difference  between 
vinylic  alcohol,  acetic  aldehyde,  and  ethylenic  oxide,  and  give  the 
reasons  for  your  mode  of  grouping  the  atoms. 

58.  Why  should  yon  not  expect  to  obtain  m»  acid  from,  vinylio 

25  HH 
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alcohol  hy  the  acUoo  of  ozidizmg  agenti,  when  alljlie  alcokol  jieUf 
both  an  aldehyde  and  an  acid  ? 

59.  Write  the  reaction  by  which  aOylic  aloohol  b  ooQTerted  mto 

acrolein  and  acrylic  acid. 

60.  How  &r  is  the  change  from  glycerine  into  acitileiii  attended 
with  a  change  of  type  ? 

61.  In  what  does  the  difference  between  the  atroctiire  of  tht 

acids  of  the  acrylic  and  acetic  series  consist  ? 

62.  Carefully  analyze  the  reactions  by  which  difierent  types  of 
structure  in  the  acrylic  series  have  been  obtained,  and  show  *i*^^  tht 
conclusions  reached  are  legitimate. 

63.  How  and  under  what  conditions  does  PCl^  act  as  a  dehy- 
drating agent  ? 

64.  In  what  way  does  [444]  and  [505]  indicate  the  stmctnie  of 
P  crotonic  acid  ? 

€5.  Give  the  general  symbols  of  the  three  Hnnnco  of  acnrW 
acids. 

Phenyl  Series. 

66.  Represent  the  constitution  of  benzoic  alcohol  by  grapUs 
symbols,  and  8how  how  far  its  structure  resembles  that  of  the  alco- 
hol of  the  ethylic  series  containing  the  same  number  of  carboo 
atoms.     Compare  the  carbon  skeletons  of  the  two  compounds. 

6  7.  Why  is  it  that  carbolic  acid,  although  homologous  with  benzoic 
alcohol,  differs  from  it  so  greatly  in  its  chemical  relations  ? 

68.  How  is  toluol  related  to  benzol,  and  by  what  aeries  of  reic- 
tions  may  the  first  be  changed  into  the  last  ? 

69.  How  is  cressylic  alcohol  related  to  carbolic  acid  ?  Repressat 
with  graphic  symbols  the  structure  of  the  two  bodies. 

70.  Write  the  reaction  by  which  benzoic  acid  is  produced  frm 
hippuric  acid  (168). 

71.  Represent  graphically  the  relations  of  cinnamic  to  bensoio 
acid,  and  point  out  the  difference  of  structure  in  the  carbon  skele- 
ton of  the  two  compounds.  What  similar  relations  have  prerioiiily 
been  noticed  ? 

72.  Represent  graphically  the  relations  of  salicylic  acid  to  bea* 
zoic  acids.     What  acid  stands  in  a  similar  relation  to  acetic  acid  ? 


73.  Make  a  table  exhibiting  the  relations  of  the  different 
poimHfl  of  the  radical  phenyl,  with  their  possible  homologaes,  and 
show  how  far  the  reactions,  which  hare  been  given,  indiMte  thtir 
molecular  structure. 
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Diatomic  AlcohoU,  ffe. 

74.  Describe  the  several  processes  b/  which  the  glycols  may  be 
produced. 

75.  Illustrate  by  graphic  symbols  the  constitution  and  relations  of 
the  different  derivatives  of  ethylic  glycol,  especially  of  the  chlorhy- 
drines,  bromhydrines,  &c. 

76.  Point  out  the  differences  between  the  chemical  relations  of 
ethylic  oxide  (common  ether)  and  ethylenic  oxide,  and  show  how  far 
they  may  be  explained  by  differences  of  structure. 

77.  Describe  the  reactions,  by  which  condensed  glycols  may  be 
produced,  and  cite  examples  of  similar  compounds  from  the  mineral 
kingdom.  What  proof  is  there  that  these  compounds  have  the 
structure  assigned  to  them,  and  why  can  greater  certainty  be  reached 
in  regard  to  the  structure  of  these  bodies  than  in  regard  to  that  of 
the  mineral  products  they  are  said  to  explain  ? 

78.  Illustrate  by  graphic  symbob  the  structure  of  the  three  chief 
classes  of  acids  of  the  lactic  family,  and  show  in  each  case  how  the 
conclusion  has  been  reached. 

79.  Construct  the  graphic  83rmbols  of  ethylene  and  ethylidene, 
and  give  the  reasons  for  the  forms  adopted. 

80.  Show  that  the  constitution  of  the  known  glycols  can  be 
inferred  from  that  of  the  acids  of  the  lactic  family. 

81.  What  is  meant  by  an  define  acid  ?  In  what  way  most  the 
carbon  atoms  in  the  defines  be  arranged  ?  Show  that  tiie  conclu- 
sion is  trustworthy. 

82.  Ck>mpare  the  reaction  of  potassic  hydrate  on  cyanhydrine  of 
ethylene  and  on  cyanhydrine  of  ethylidene.  Can  you  draw  any 
legitimate  inference  in  these  cases  as  to  the  structure  of  the  result- 
ing compounds  ?  « 

83.  Explain  the  term  •Iheric  acids.  Has  any  example  of  sach 
compounds  been  previously  given  ? 

84.  Represent  by  graphic  symbols  the  constitution  of  the  bomeric 
compounds  cited  in  (467),  and  inqvire  whether  further  variatioDs 
are  possible. 

85.  Write  the  reactions,  1.  of  lactic  acid  on  sodic  carbonate,  2. 
of  sodium  on  sodic  lactate,  3.  of  ethylic  iodide  on  disodic  lactate. 

86.  What  is  the  general  action  of  HI  as  a  reagent  in  organic 
chemistry  ?     [630.] 

8  7.  Write  the  reaction  of  potaasic  hydrate  on  cyanide  of  ethylene^ 
and  show  how  far  this  establishes  the  constitution  of  succinic  acid 
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88.  Write  the  reaction  which  takes  place  when  one  nolecale  of 
CO^  is  eliminated  from  malonic  acid  by  the  action  of  heat,  or  when 
succinic  acid  is  decomposed  in  a  similar  way  if  heated  with  lime. 

89.  Write  the  reaction  when  suberic  acid  is  heated  with  exctm 
of  baryta. 

90.  What  is  the  general  action  of  lime  or  barjrta  when  heated 
with  an  oiganic  acid  ? 

91.  Show  by  graphic  symbols  how  the  acids  of  the  snccinic  seriei 
are  related  to  those  of  the  acetic  series,  and  describe  the  methods 
by  which  one  class  of  compounds  may  be  converted  into  the  other. 

92.  Show  that  reactions  [536]  and  [587]  confirm  the  conclosioa 
already  reached  in  regard  to  the  constitution  of  succinic  acid. 

93.  In  what  isomeric  form  may  the  symbol  of  succinic  acid  be 
written,  and  what  radical  would  it  then  contain,  in  place  of  ethy- 
lene ?     What  proof  have  you  that  it  does  contain  ethylene  ? 

94.  Succinic  acid  is  formed  when  butyric  acid  is  oxidized  (by 
nitric  acid).     Write  the  reaction. 

95.  Write  the  general  symbols  of  the  three  classes  of  the  sooet- 
nates  both  of  univalent  and  bivalent  radicals. 

96.  What  is  the  characteristic  of  an  acryloid  acid  ?  Show  that 
fumaric  acid  conforms  to  this  type. 

97.  Show  by  graphic  symbols  the  possible  forms  of  the  first  tern 
of  the  fumaric  series. 

98.  Show  how  far  the  fact  that  both  fumaric  and  maleic  acids 
yield  succinic  acid,  under  the  infiuence  of  nascent  hydrogen,  fixes 
their  symbols.  Show  also  that  the  brominated  compounds  may  be 
different;  while  the  further  products  obtained  by  the  action  of 
nascent  hydrogen  on  the  last  may  be  idendcaL 

99.  Represent  graphically  some  of  the  possible  forms  of  the 
second  term  of  the  fumaric  series,  and  trace  the  relations  of  these 
compounds  to  pyrotartaric  acid. 

100.  Compare  the  graphic  symbols  of  succinic,  fbmaric,  and  malie 
acids. 

Triatomic  Compounds, 

101.  Write  the  reaction  on  stearine,  1.  of  solution  of  potasno 
hydrate,  2.  of  plumbic  oxide  and  water,  3.  of  superheated  steam. 

102.  Compare  the  graphic  symbols  of  glycerine,  glyceric  acid, 
and  tartaronic  acid,  and  explain  their  atomic  and  basic  relatioiis. 
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108.  How  far  do  the  reactions  [514]  and  [539]  indicate  the 
eonstruction  of  the  basic  radical  of  glycerine  ? 

104.  Write  the  reaction  hj  which  the  several  chlorhydrines  of 
glycerine  are  obtained,  and  point  out  their  relations  to  the  triatomio 
character  of  the  compound. 

105.  Compare  the  anhydrides  of  glycerine  with  the  polybasio 
mineral  compounds. 

106.  Give  the  symbols  of  the  three  stearines  and  the  three  oleines 
corresponding  to  the  three  acetines. 

107.  Exhibit  by  graphic  83rmbdls  the  relations  of  glycerine  to 
acrolein. 

108.  Compare  graphically  the  relations  of  propylic  alcohol,  pro- 
pylic  glycol,  and  glycerine. 

109.  A  normal  alcohol  may  be  converted  into  an  acid  either  bj 
oxidation  or  by  a  reaction  similar  to  [548];  compare  the  results 
obtained,  and  show  the  bearing  of  the  &cts  on  the  oxatyl  theory  of 
organic  acids. 

110.  Write  the  sjrmbols  of  the  different  acids  which  might  theo* 
retically  be  formed  by  the  oxidation  of  the  assumed  hexyl  glycerine. 

Ill  Compare  the  graphic  symbols  of  tricarballylic  and  aoonitio 
acids. 

112.  Compare  the  graphic  symbols  of  citric^  acomtic,  and  itaconio 
acids,  and  explain  the  change  of  the  first  into  the  last  through  the 
second. 

Tetmtomic  Alcohols,  Sfc. 

118.  Make  a  table  exhibiting  the  relations  of  tartaric  and  citric 
adds  to  the  tetratomie  alcohols. 

114.  When  tartaric  acid  is  reduced  by  ffl,  it  changes  first  into 
malic  and  then  into  succinic  acid.  Write  the  reactions  and  inquire 
how  far  they  aid  in  establishing  tiie  constitution  of  the  bodies  iiif- 
Tolved. 

115.  Compare  the  carbon  dceletons  of  one  or  more  of  each  of 
the  classes  of  acids  which  have  been  studied,  and  show  that  the 
variations  are  limited  to  a  few  principal  types.  Then,  by  attaching 
atoms  of  H,  Ho,  NH^,  COHo  or  0  to  these  skeletons,  illustrate  the 
relations  of  the  various  cUsses  of  compounds  which  may  be  formed 
around  a  common  nucleus. 


CHAPTER   XX. 

APPENDIX. 

Complex  Amifiei* 

i82.  Aniliff  (John.  •«-  These  beaatifol  prodacte  of  modem 
chemistry,  which  are  so  highly  yaloed  on  aocoant  of  their  bril- 
liant hues  and  wonderful  tinctorial  power,  beloog  to  the  daas 
of  compounds  called  amines,  whose  cheoiical  relatiooa  hare 
been  already  described  (167).  They  are,  so  far  as  known, 
highly  complex  bodies  of  the  ammonia  type,  and  will  serra  to  ex- 
tend our  knowledge  of  this  class  of  compounds,  connecting  them 
with  the  compounds  of  the  hydro-carbon  radicals,  with  which 
we  have  become  more  recently  acquainted.  The  processes  by 
which  the  aniline  dyes  are  {.repared  in  the  arts  consist  diiei^ 
in  the  oxidation  of  a  mixture  of  aniline  and  toluidine,  but  the 
precise  reactions  involved  can  seldom  be  traced.  Neverthekss 
we  have  been  able  to  reach  a  general  knowledge  of  their  con- 
stitution, although  it  most  be  held  subject  to  revision  by  the 
results  of  the  ever- widening  investigations,  whidi  the  great 
interest  of  these  beautiful  bodies  invites. 

The  process  by  which  aniline  is  obtained  from  beoBdl  has 
been  already  described,  and  toluidine  is  prepared  in  precisaly 
the  same  way  from  toluol  (434).  By  the  action  of  oxidiaing 
agents  on  these  monamine$  we  can  obtain  four  distinct  triamim 
bases,  whose  salts  are  all  deeply  colored.  Each  ntolecule  d  the 
monamine  loses  by  oxidation  two  atoms  of  hydrogen,  and  then 
three  of  these  dehydrated  mdecules  coalesoe  to  tana  one  mole* 
cule  of  the  complex  triamine,  thus  :— 

SC,ff,-N-ff^—^ff=  c^n,^N^ii^ 

Anlttna.  TVdaittM. 

Aniline.  Toluidine. 


▲niliae.  Toluidln«.  RoauOliM 

XtilukUiM. 
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The  simplest  conception  we  can  form  of  the  oonstitution  of 
these  products  is  indicated  below:-— 

NH   NH  NH   NH 

YlolaalUjia.  MaaTaailliM. 

NH   NH  NH  NH 

CHfNHCA  CH^-NHOjHt 

Bownilinc.  CkryMtolaJdia*. 

and  it  can  easily  be  seen  that  such  a  grouping  might  readily 
result,  if  we  assume  that  of  the  two  atoms  of  hydrogen  which 
each  molecule  of  the  monamine  loses,  one  is  torn  from  the  ni- 
trogen atom  and  the  other  from  the  benzol  nucleus.  All  we 
know,  however,  with  any  certainty,  is  that  there  remain  three 
atoms  of  typical  hydrogen,  which  may  be  further  replaced  by 
various  hydro-carbon  radicals,  and  this  is  expressed  by  the  first 
set  of  symbols. 

Of  these  bases  rosaniline  is  practically  the  most  important 
The  usual  process  by  which  its  compounds  are  manufactured 
in  the  arts  consists  of  three  stages :  first,  the  conversion  of 
benzol  and  toluol  (obtained  from  coal-tar  naphtha  by  fractional 
distillation)  into  nitro-benzol  and  nitro-toluol  (434) ;  second,  the 
reduction  of  these  nitro-compouods  (usually  by  mixing  them 
with  acetic  acid  and  iron-turnings)  to  aniline  and  toluidine 
[428];  third,  the  oxidation  of  a  mixture  of  these  bases,  in 
about  the  proportions  of  one  of  aniline  to  two  of  toluidine,  by 
means  of  arsenic  acid.  To  this  end  the  mixture  is  treated  with 
a  concentrated  sirupy  solution  of  the  reagent,  and  the  whole 
mass  is  heated  to  about  150**,  and  kept  at  this  temperature  un- 
der constant  stirring  for  several  hours.  The  crude  product, 
a  resinous  solid  with  a  bronze-like  lustre,  is  dissolved  in  boiling 
water,  and  a  large  excess  of  sodic  chloride  added,  which  precipi- 
tates chloride  of  rosaniline  in  crystals,  that  reflect  beautiful  chang- 
ing green  hues  like  beetles'  wings,  bnt  are  red  by  transmitted 
li^^ht,  and  yield  with  alcohol  or  acetic  acid  deep  red  solutions. 
From  the  chloride  the  other  salts  of  the  same  base  may  be  readily 
prepared,  including  the  hydrate,  C^y^N^ .  2J9^0,  which  falls  as  a 
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brownish-yellow  precipitate  on  adding  caustic  soda  or  ammonia 
to  a  solution  of  any  of  the  aniline  reds  of  commerce,  but  when 
purified  it  is  colorless,  becoming,  however,  rose-red  on  exposure 
to  any  acid,  even  the  carbonic  acid  of  the  atmosphere.  It  is 
a  singular  fact  in  regard  to  all  the  bases  mentioned  above,  that, 
while  all  their  salts  are  such  powerful  pigments,  they  are  them- 
selves colorless.  The  hydrate  of  rosaniline  is  insoluble  in  ether 
or  coal-tar,  nearly  so  in  water,  only  slightly  soluble  in  aqua 
ammonia,  but  dissolves  with  readiness  in  alcohol,  with  which  it 
forms  deep  red  solutions.  With  acids  it  forms  three  classes  of 
salts,  neutral,  acid,  and  di-acid,  which  crystallize  readily.  It  is 
the  last  of  these  which  are  so  remarkable  for  their  beetle-like 
lustre  and  give  such  beautiful  rose-red  solutions,  and  they  are 
the  true  coloring  compounds.  A  great  variety  of  these,  in- 
cluding besides  the  arseniate  the  chloride,  nitrate,  sulphate,  chro- 
mate,  acetate,  oxalate,  and  tannate,  are  used  in  the  arts  and 
known  under  fanciful  names,  such  as  magenta,  azaliene,  fuch- 
sine,  roseine,  &c.  They  are  most  of  them  freely  soluble  in 
water  and  alcohol,  but  the  tannate  is  so  insoluble  that  it  is  used 
for  fixing  the  color  upon  calico  and  recovering  the  dye  from 
nearly  spent  solutions. 

It  was  discovered  by  Hofmann  that  the  three  atoms  of  typical 
hydrogen  remaining  in  rosaniline  may  be  replaced  by  the  hy- 
dro-carbon radicals,  and  these  replacements  give  rise  to  beau- 
tiful violet  and  blue  pigments.  The  so-called  Hofmaun's  violets 
and  blues  are  salts  of  mono,  di,  or  tri  phenylic,  ethylic,  or  me- 
thylic  rosaniline;  and  the  further  the  substitution  is  carried, the 
more  do  the  blue  tints  preponderate  in  the  resulting  dye.  The 
phenylic  compounds  are  obtained  by  heating  the  salts  of  rosani- 
line with  aniline  under  pressure,  and  the  ethylic  or  methylic 
compounds  may  be  prepared  by  treating  the  rosaniline  salts 
with  the  iodides  or  bromides  of  ethyl  or  methyL 

Besides  the  definite  compounds,  whose  chemical  relations 
have  been  described  above,  there  are  prepared  in  the  arts  a 
very  great  variety  of  other  aniline  dyes,  including  greens,  yel- 
lows, blacks,  and  indeed  almost  every  color.  They  are  all 
probably  compounds  of  one  of  the  four  bases  described  above, 
or  of  analogous  bases  derived  from  them,  but  they  are  fre- 
quently mixtures,  and  from  the  empirical  processes  by  which 
they  are  prepared  we  can  draw  no  definite  conclusion  as  to 
their  precise  constitution. 


j  483.] 


G>iaptex  Amidet. 

4S3.  Urta  NJI,CO.—T\us  compoQDd  hu  alread;  been 
mentioned  as  an  example  of  a  dismide  (168),  and  ila  Bynthesia 
hy  the  Cranaformation  of  ammonic  cyaDate  baa  been  explained 
[404].  It  ia  a  Bubstance  of  very  great  physiological  interest. 
It  bas  been  found  in  several  of  the  fluids  of  the  animal  bodj, 
and  forms  a  large  constituent  of  the  vitreouB  4umor  of  the  eye. 
Wilb  all  ihe  higher  animala  it  is  the  final  product  of  the  oxida- 
tion of  their  tissues,  and  the  chief  form  in  which  they  are  elim- 
inated from  the  body  afler  having  discharged  the  functions  of 
life.  It  takes  its  name  from  Ihe  secretion  of  the  kidneys,  of 
whose  solid  constituents  it  forms  by  far  the  largest  part,  and 
afler  being  voided  by  the  body  it  is  soon  converted  into  car* 
bonic  dioxide  and  ammonia,  the  two  substances  which,  together 
with  water,  are  the  princifJKl  food  of  the  vegetable  world  (481) 
(64).  This  change  is  apparently  induced  by  certain  highly 
unsiable  bodies,  wilb  which  urea  is  associated  in  the  urine,  and 
consii'ts  simply  in  the  assimilation  of  one  molecule  of  water  to 
each  molecule  of  urea,  thus:  — 

N^,CO  +  H^O  =  iNH^  +  CO,  [.555] 

The  same  change  may  be  produced  by  strong  sulphuric  acid 
and  by  various  alkaline  reagents,  also  by  beating  with  water 
alone  in  sealed  tubes  to  temperatures  above  the  boiling  poinL 

Urea  acts  as  a  feeble  base,  forming  salts  with  the  stronger 
acids,  and  of  these  the  nitrate,  {NJT^C0)HN03,  and  the  oxa- 
■Iflte,  {NiH^CO)^H^CiOt,  are  the  most  readily  crystalliMd.  It 
al.^o  fijrms  definite  compounds  with  several  metallic  oxides  and 
with  many  salts.  In  all  these  cases  ihere  is  no  replacement 
of  the  hydrogen  atoms  of  the  urea ;  but  its  molecules  combine 
directly  with  those  of  the  acid,  oxide,  or  salt,  as  in  the  above 
examples.  Such  a  reaction  as  this,  however,  is  a  characteristic 
of  an  amine  (167),  and  not  what  we  should  anticipate  of  the 
neutral  amide  of  carbonic  add,  whose  acid  amide  forms  the 
well-known  ammonic  carbamate  (168)  and  (174).  But,  un- 
like a  true  diamine,  one  molecule  of  urea  does  not  neutralize 
two  molecules  of  a  monobasic  acid,  but  only  one,  as  in  the 
above  examples.  Hence  some  chemists  do  not  regard  urea  as 
Ihe  true  carbamide,  but  only  a  compound  isomeric  with  it,  and 
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the  following  formalss  represent  possible  views  of  its  constitu- 
tion :  — 
NH^-O-CN     {NH^t'CO      NHJffHfChHo      NH.ISF^CO. 

Anunonle  CyuMte.  Cwtemide.  UrMf  UrMf 

Against  each  of  these,  however,  we  might  oi^  plausible  ob- 
jections, and  the  simple  carbamide  formula,  which  is  here 
adopted  as  a  provisional  mode  of  explaining  the  relations  of 
the  compound,  is  not  less  probable  than  either  of  the  others. 

In  whatever  Waj  we  may  write  the  symbol  of  the  urea  mole- 
cule, its  single  carbon  atom  must  be  directly  united  to  one  or 
both  of  the  two  nitrogen  atoms  with  which  it  is  associated. 
Hence  arises  an  intimate  relationship  between  urea  and  the 
compounds  of  cyanogen,  from  which  it  is  so  readily  derived. 
Uren,  when  heated  under  regulated  conditions,  yields  besides 
other  products  both  cyanic  and  cynnuric  acids,  thus:  — 

N^H^  CO  4-  AgNO^  =  Ar  ^  CiV^  +  Nff^NO^       [556] 

Solution  of  urea  erapomtcd  wnh  argentic  nitrate 

QN^CO  4-  QffCl  =  2ff:fO,^C^.  ,  +  6NH^CL  [557] 

Compound  of  urea  and  hydrochloric  acid  heated  to  I4iP. 

SN^t  CO  =  3NH,  +  //^  Of  C^^         [558] 

Urea  heated  alone  to  VSfP  - 1*0^. 

The  last  reaction  is  accompanied  by  another,  in  which  a  con- 
siderable portion  of  the  urea  is  converted  into  a  compound 
similar  to  itself  called  Biuret. 

2N^,C0  =  NH^  +  N^H.C^O^ 

or  possibly  NHfCONIFCONB^ 

Blnretr 

484.  Compound  Ureas.  —  The  atoms  of  hydrogen  in  urea 
may  be  replaced  by  various  hydrocarbon  positive  radicals. 
Thus  compounds  are  known  in  which  either  one,  two,  or  three 
of  the  four  hydrogen  atoms  in  the  urea  molecules  are  replaced 
by  ethyl  or  methyl,  but  the  substitution  of  the  fourth  hydrogen 
atom  by  these  radicals  has  not  been  effected.  Ethyl-urea,  di- 
ethyl-urea,  and  triethyl-urea  may  be  prepared  by  the  action  of 
ethylic  cyanate  on  ammonia,  ethylamine,  or  diethylamine  r^ 
spectively*  (compare  also  [409]).  Of  these  bodies  diethyl-urea 
is  especially  noteworthy,  because  it  admits  of  two  isomeric 

1  Ethylic  cyanate  Is  without  action  on  triethylamine,  and  an  analjtit  of  tfai 
reactions  above  described  will  ihow  that  there  is  a  difference  of  conditioo  in 
this  case,  which  probably  explains  why  the  foorth  atom  of  hydrogen  in  urea 
oanoot  be  replaoad  by  thii  method,  which  tttocedds  so  well  for  Um  flni  ihrM. 
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modifications  (according  as  it  is  obtained  by  the  reaction  of 
etbjlic  cjanate  on  ethjlamine  or  of  potaasic  cyanate  on  dietbyl- 
ammonic  sulphate),  which  may  be  represented  thus :  — 

The  first  of  these  when  treated  with  alkalies  yields  besides 
CO2  simply  ethylamine,  the  second  a  mixture  of  diethylamine 
with  ammonia. 

By  means  of  the  dyad  radical  ethylene  we  can  bind  together 
two  molecules  of  urea  into  a  still  more  complex  group.  Thus, 
by  the  action  of  cyanic  acid  on  ethylene  diamine  (167),  we 
obtain 

H^-  Ca^NIf  C^H.-HN'  CONH^, 

Ethyelene-dlorea. 

and  by  the  action  of  the  same  reagent  on  diethyl-ethylene-di- 
amine, or  that  of  ethylic  cynate  on  ethylene-diamine,  we  ob- 
tain compounds  differing  from  the  last  only  in  that  two  of  the 
hydrogen  atoms  are  replaced  by  ethyl.  These  compounds 
furnish  another  example  of  isomerism,  similar  to  that  described 
above,  but  of  a  more  complex  type.  When  decomposed  by 
alkalies,  the  first  yields  besides  CO^  a  mixture  of  diethyl-ethyl- 
ene-diamine with  ammonia,  the  second  a  mixture  of  ethylene- 
diamine  with  ethylamine.  A  graphic  representation  of  these 
reactions  will  further  show  that  two  other  isomeric  modifica- 
tions of  the  same  compound  are  also  possible ;  the  one  giving, 
under  the  conditions  above  mentioned,  a  mixture  of  ethylene- 
diamine  with  diethylamine,  and  the  other  a  mixture  of  ethyl- 
ethylene-diamine,  ethylamine  and  ammonia. 

The  properties  and  reactions  of  these  compound  ureas  are 
analogous  to  those  of  urea  itself.  They  act  like  feeble  amine 
bases,  but  as  a  rule  they  unite  less  readily  with  acids  than 
normal  urea. 

485.  Monureides,  —  The  atoms  of  hydrogen  in  urea  may  be 
replaced  by  acid  as  well  as  by  positive  radicals,  and  there  thus 
results  a  most  remarkable  class  of  compounds,  which  have  all 
the  characters  of  true  amides.  Those  which  are  formed  after 
the  type  of  the  single  urea  molecule  are  called  monureideSy  to 
distinguish  them  from  the  more  complex  though  similar  pro- 
ducts having  the  type  of  a  doubly  condensed  urea  molecule, 
the  diuretdes.  These  highly  complex  bodies,  like  the  simpler 
amides,  are  acid  when  the  replacing  radical  contains  one  or 
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more  atoms  of  ozatjL  Otherwise,  they  are  nentral  or  feebly 
basic.  The  monareides  may  be  regarded  as  formed  by  the 
union  of  one  molecule  of  an  add  with  one  molecule  of  urea, 
accompanied  by  the  elimination  of  one  or  two  molecules  of 
water,  a  reaction,  through  which  one  or  two  of  the  hydrogen 
atoms  in  the  urea  molecule  become  replaced  by  the  acid  radi* 
cal,  thus:  — 

CO)  CO) 

GlyooUic  Add.  Ufm.  Glyeolsrte  Add. 

CO)  CO) 

GItooItI  Urt*  (OTduftoia). 

In  like  manner  we  may  derive,  at  least  theoretically,  the  sev- 
eral monureides  included  in  the  second  and  third  columns  of 
the  following  table  from  the  corresponding  acids  included  in 
the  first  column.  Monobasic  acids  can  of  course  yield  only 
one  derivative,  and  that  must  be  neutraL  Dibasic  acids,  on  the 
other  hand,  yield  two,  one  acid  and  one  neutraL 


Acids. 


HofCO 

Carbonic  Add. 


HofC^O^ 

OzaUe  Add. 


HofCOt 

lUtozaUe  Add. 


Ho-CJf^O 

▲ottlo  Add. 


Ho^C^ff^O 

OljrcoUlo  Add. 


Monureides. 
—  H^O 

CO) 
Ha-CO  [N^ 

IT.) 

AUophaaie  Add. 

CO) 

Ozalnri c  Add. 

CO  ) 

Ho-c^oSn^ 

Altoxanle  Add. 

CO 
Ctff» 


Afonureides. 
—  2H,0 


CO  ) 

c,oSn, 

FiumlMui. 

CO  ) 

c,oSn^ 


AonylUr 

CO 
Ho-CtHtO  YNt 

Oljeoliirio  Add. 


0\N, 

B^lUrM. 

'0) 

•o[ 


CO  ) 

Hxduftoia. 
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Acids, 

Midonie  Add. 


Ho,HofC^HOt 

TMtmUo  AcM. 


Mmureidu. 


Monureidet. 
CO) 

Bftriiitiuic  Add. 


_       CO 
Ho-CtHOt 

Dklndo 


S^{COCO)-Ho 

Qlyoxdic  Add. 


CO  ) 

mco-co)  J- JIT, 

AUaatario  Add. 


486.  DiureideB.  —  These  may  be  regarded  as  formed  bj  the 
union  of  a  monureide  with  an  additional  molecule  of  urea, 
the  combination  involving  as  before  the  elimination  of  one  or 
two  molecules  of  water.    The  following  are  a  few  examples :  — > 

G 
CO)         CO)  CO 


Gljocdorie  Add. 

CO 


N. 


GlyeoInilL 


70) 

If,) 


AlUntniic  Add. 


CO) 

B2) 

Una. 


AlUntdii. 


Dlalari 0  Add 


CO) 


UiioAdd. 


BtiMtole 


CO) 

^1) 


Xmthln*. 
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It  must  not  be  inferred  that  the  equfttfoiiB  either  of  this  or  of 
the  last  section  represent  actual  processes  by  which  the  variom 
urides  have  been  prepared.  Thej  merely  indicate  the  most 
probable  theory  in  regard  to  the  constitution  and  chemical  re- 
lations of  these  bodies  which  we  have  been  able  to  form.  The 
substances  themselves  are  either  products  of  the  animal  organism, 
or  else  have  been  prepared  from  such  products  by  dffierent  chem- 
ical processes,  and  our  only  knowledge  in  regard  to  their  mo- 
lecular structure  has  been  derived  from  a  study  of  their  prop- 
erties, and  of  the  chemical  changes  in  which  they  are  formed 
or  broken  up.  For  the  evidence  on  which  the  rational  sym- 
bols here  given  are  based  we  refer  the  student  to  the  memoirs 
of  Baeyer,  in  the  Annalen  der  Chemie  und  Pharmaeiej  contain- 
ing the  results  of  his  very  extended  investigations  of  this  claas 
of  compounds.^ 

487.  Uric  Acid  is  not  only  the  most  important  of  the  ureidei^ 
but  it  is  the  source  from  which  almost  all  the  rest  have  beat 
derived.  It  is  a  constant  product  of  the  animal  organism,  re- 
sulting from  the  imperfect  oxidation  of  the  nitrogenized  tissues. 
With  the  reptiles,  birds,  and  insects  it  forms  (in  combinatioa 
with  ammonia)  the  chief  part,  and  in  some  cases  nearly  the 
whole,  of  their  solid  excrements ;  but  in  mammalia  the  oxidation 
proceeds  further  in  the  body  and  the  product  voided  is  princi- 
pally urea.  Nevertheless,  uric  acid  is  always  present  in  human 
urine,  and  in  certain  abnormal  states  of  the  system  the  amount 
becomes  increased  to  an  injurious  extent,  giving  rise  to  sedi- 
ment, gravel,  or  calculi.  In  some  forms  of  gout  all  the  fluids 
of  the  body  become  saturated  with  it,  and  in  combination  with 
soda  it  is  deposited  in  the  joints,  forming  what  are  familiarly 
known  as  chalk  stones. 

Uric  acid,  when  pure,  forms  a  white  crystalline  powder, 
which  under  the  microscope  exhibits  definite  and  character* 
istic  crystalline  forms  ;  but  the  crude  acid  is  more  or  less  tinted 
by  the  coloring  matter  of  the  urinary  secretion,  from  which  it 
is  prepared.  When  heated,  it  decomposes  without  melting 
yielding  a  sublimate  of  cyanuric  acid,  ammonic  cyanate  (or 
urea),  and  ammonic  carbonate,  leaving  a  carbonaceous  residue 

1  See,  also,  An  article  in  Si1Iiman*t  Jonrnal,  vol.  96,  page  S89,  by  Dr.  W. 
Gibbo,  in  wliich  rational  8ymt>oli  for  these  bodies  are  theoretically  dednoed 
from  either  the  known  or  aaeamed  polymerio  forms  of  cyanio  aoid. 
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behind.  It  is  almost  insoluble  in  water  and  the  dilate  mineral 
acids;  but  it  dissolves  readilj  in  alkaline  solutions,  since  it 
forms  with  the  alkaline  radicals  more  or  less  soluble  salts.  It 
also  forms  salts  with  several  of  the  more  basic  metallic  rad- 
icals, which  may  either  replace  one  or  two  of  its  typical  hydro- 
gen atoms.  We  have,  therefore,  in  several  cases  both  an  acid 
and  a  basic  salt  of  the  same  radicaL  But  while  we  can  only 
replace  two  of  the  hydrogen  atoms  with  metallic  radicals  we 
can  replace  three  with  ethyL 

The  rational  formula  of  uric  acid  has  already  been  given. 
It  is  based  chiefly  on  the  following  considerations.  When  the 
acid  is  treated  with  a  mixture  of  hydrochloric  acid  and  potas- 
sic  chlorate  (a  strong  oxidizing  acid),  it  is  converted  wholly 
into  a  mixture  of  alloxan  and  urea, 

ir^ir,C,0,-\-0  +  B20  =  N^iC,0^'\'N^H,C0.    [559] 

Uric  Acid.  Alloxan.  Urea. 

Now  the  first  effect  of  the  oxidation  would  be  naturally  to  re- 
move the  hydrogen  atoms  from  the  hydrocarbon  radical  we 
have  assumed  to  exist  in  uric  acid,  changing  it  into  the  hypo- 
thetical compound  N^JT^CiO^  and'  then  this,  by  absorbing  two 
molecules  of  water,  gives  at  once  alloxan  and  urea. 


Uric  Acid.  HTpochetical  Intennediate.  Allozao.  Ui 


CO) 

\o=c,oSn, 


rea. 


Further,  when  alloxan  is  boiled  with  an  alkaline  solution  it 
yields  urea  and  the  mesoxalate  of  the  alkaline  radical.  Lastly, 
mesoxalic  acid  is  a  crystalline  solid  resembling  oxalic  acid,  and 
like  it  is  dibasic  As  its  composition  is  well  determined  there 
can  be  no  question  that  it  contains  the  radical  CgOg,  and  is  the 
third  term  of  a  series  of  which  carbonic  acid  and  oxalic  acid 
are  the  other  three. 

Ho^'CO  Ho^'C^O^  Ho^a^O„ 

Carbonic  Acid.  Oxalic  Add.  MaMxaUc  Add. 

This  completes  the  chain  of  evidence,  but  the  student  will  not 
fail  to  see  that  it  has  a  weak  point 

The  view  of  the  constitution  of  uric  acid  here  adopted  is 
further  supported  by  a  reaction  observed  by  Strecker,  who 
found  that,  when  treated  with  hydriodic  acid,  one  molecule  of 
uric  add  breaks  up  into  one  molecule  of  glycocoU  {Ho,NH^ 
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C^ffiO)^  three  molecules  of  ammonia  and  three  of  carbonic  di- 
oxide. Now  if  uric  acid  contains,  as  we  have  assumedt  the 
tartronyl  radical,  it  must  have  the  graphic  symbol  gi%'en  below, 
leaving  the  parts  in  brackets  undeveloped  (473),  and  by  oom- 
paring  this  with  the  symbols  of  tartronic  acid  and  glycocoll  on 
either  side,  it  can  readily  be  seen  that  the  products  are  pre- 
cisely such  as  might  be  expected  from  the  action  of  the  reagent 
used,  assuming  of  course  that  our  theory  is  correct. 

OHO  OHO  OH 

Ho-O-O-aHo  {NH^):Q^O:(>{N^Ci^  {NH^b-ChR 

Ho  Ho  Ho 

Turtronio  Add.  Uric  Add.  Q^jooooB. 

Uric  acid  is  remarkable  for  the  facility  with  which  it  is  al- 
tered by  oxidizing  agents,  and  for  the  great  number  of  definite 
and  crystal! izabie  compounds  obtained,  either  in  this  manner  or 
by  treating  the  immediate  products  of  oxidation  with  various 
reagents.  The  following  list  includes  all  the  more  important 
derivations :  — 

Derivatives  of  Uric  Acid^  N^H^Cfi^ 

Allantoin,  N^H^Cfi^  Hydantoin,  NJI^Cfi^ 

AUanturic  Acid,  NJI.Cfi^  Hydurilic  Acid,  NJi^Cfi^ 

Allituric  Acid,  -^VAQ^4  Leucoturic  Acid,  NJI^Cfi^ 

Alloxan,  N^H^Cfi^  Mesoxalic  Acid,  H^Cfi^ 

Alloxanic  Acid,  N^H^Cfi^  Murexide,  N^H^C\i\ 

Alloxan  tin,       NJI^Cfi^ .  SH^O  Mycomelic  Acid,  A^f/^QO, 

Barbituric  Acid,  N^^Cfi^  Oxaluric  Acid,  N^H^Cfi^ 

Bromo-barbituric )  Br  Paraban,  N^^Cfi^ 

Acid,             t  NJIfifi^  Pseudo-uric  Acid,  N^H^Cfi^ 

Dibromo-barbituric  >  Br^  Stryphnic  Acid,  N^H^Cft^ 

Acid,                i  NJI^C.O^  Thionuric  Acid,  N^H^C^i\S 

Dibarbituric  Acid,  NJi^Cfi^  Uramil,  -^'.^»Q0, 

Dialuric  Acid,  N^H^^^fi^  Urinilic  Acid,  N,H,i\0^ 

Dilituric  Acid,  N^H^Cfi^  Uroxanic  Acid,  ^\H^Cfi. 

Glycoluric  Acid,  NJI.C^O^  Violantin,'  NJi^Cfi^ 

Glycoluril,  N^H^Cfi^  Violuric  Acid,  NJI^Cfi^ 

Hydantoic  Acid,  N^H^Cfi^  Xanthme,  ^JH^^^A 

It  must  not  be  supposed  that  the  term  acid^  used  in  oonnection 
with  so  many  of  these  compounds,  implies  that  they  all  have 
the  constitution  of  true  organic  acids,  that  is,  contain  one  or 
more  atoms  of  oxatyl.    That  there  are  among  them  tme  add 
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amides  (168)  lias  already  been  ahown,  but  !n  tdobI  cases  the 
apparent  acid  n-aotlon  ariaes  from  ihn  power,  wiiicb  mauy 
amiiles  p<ieDes«,  of  excLauging  one  or  more  of  their  atoms  of 
typical  hyJrogen  for  ihe  basic  raiticulii  of  melullic  hydraleB, 
aod  tills  rclution  undoubtedly  sboivg  thai  Ilie  molecules  of  these 
bodies  Are  in  a  polar  condition  not  unliki:-,  alibough  less  marked, 
thun  ihnt  of  tlie  true  acid  molecules  of  the  water  type. 

For  th«  TArious  processed  by  which  the  uric  add  derivatives 
have  been  prepared  we  must  refer  the  student  to  Watt's  Di(^- 
lionary  of  Chemistry,  from  which,  with  some  alleraiions,  Ibe 
above  table  has  been  taken.  But  in  cpite  uf  (lie  apparent  com- 
jitexily  of  the  refull^  the  ebemical  changes  involved  in  (be 
prodnction  of  these  bH^dlcs  may  be  referred  to  a  few  types. 
We  may  have:  — 

^iV((.   The  breaking  up  of  a  diureide  into  a  monureide  and 


CJWr-^*  +  -^^^=  C^,0VN,+ff,[y,     [561} 

"l  '  Bfitrntin.  If. 

By  boiling  a  wilulinn  of  (■Ivcalurll  with  hcIcU.  and  (lis  renctioii  [HiIO]  given 

nboTD  19  an  Fxnnip:a  of  a  limllar  «hiiaga. 

SeeontBi/.   The  formation  of  a  biureide  from  a  ureide. 

2.V,//,C0,  —  0  =  A\Ntf\0,.       ,  [.iC2] 

Bvthe  DC' ion  of  hydric  sulpliido  or  ni*cml  hydrDgeium  ■  solntion  of  ullfissn. 

Thirdly.    A  modification  of  the  more  complex  radical  of  the 
ureide,  witlKint  altering  its  relations  to  the  compound. 
CO)  CO) 

CtO»yy,+  o=c,oAiv;+  co,     rses] 

'  By  KBnlly  wnmiing  »nn»iin  with  nirric  acid. 
KM.C.O,  +  0  +  11,0  =  NMr.O,  +  COr 
Uy  Iwilliig  urlo  *cid  with  ntor  Rpd  pliunblo  dioxidi. 
1-',H,(\0,  +  H,  =  X,H,C,Or^-n,0.  [564] 

By  the  Kcliiiiior  andluin  smalentn  on  a  xilntioii  nf  .llantoin. 
TO)  TO) 

C,f7,BrO  ^y,=  HBr  +  CJt.oyN,         [565] 

B/  tbc  sctlon  of 


d 
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-n+so,: 


CO)  CO) 

", )  Jf.  \ 


cot 

-  cjnrio,)oSy,  p$q 


[5(7] 


Fourthli/,    A  breaking  up  of  the  ureide  into 
llie  hydrate  of  its  principal  radical. 

CO) 

-  3//jO  =  CO,  +  HofC,Ot  4-  2J7t   £568] 


CO) 
CJI/^VN,  +  3^,0  =  C0,+  H-rCiff.O,-}-  2^^  [569] 

By  heating  with  solaEiotu  of  csHsiic  «lkiUi«a. 
It  will,  of  course,  be  anHeraiood  that  in  Uie  actual  | 
two  or  more  of  such  reaclious  as  hnve  been  ber«  illosiraliil 
may  concur  or  mu;  eucceed  uiuti  oilier.  Indeed,  it  has  beei 
found  vciy  dil&euU  to  isolute  thero. 

488.  Allauloirt  and  Munxidt  are  the  only  bodies  i 
the  uric  acttl  derivatives  which  buvo  any  otlier  inicnei  thafl 
that  which  io  connected  with  their  chetoical  compogiiion.  ■ 
ihe  only  special  interest  xltacbinj;  to  aliantoin  ari»p*  bun. 
the  iiioluied  faul  that  it  appears  to  be  an  eeseulial  cotisiitvcA 
of  the  allantoic  liquid.  Miirexide,  howerer,  is  a  most  briUiut 
purple  pigmen^  and  before  it  was  superseded  by  the  i 
colors  was  manufactured  on  a  lar^  scale.  It  can  be  reMli|y 
prepared  by  adding  ammonia  to  the  sotulton  of  alloxan  * 
alloKantin,  which  ix  obtained  by  dissolving  uric  acid  in  diluw 
nitric  acid  under  regulated  conditions,  atid  the  praducUon  of  a 
purple  color  under  euch  circumB(anc«B  is  a  delic8t«  teac  for  uH 
acid.  Murexide  cryHtalliEes  in  brilliant  garofil-oolorcd  priia 
nbieh  appear  gold-green  by  reflected  lighL  It  gtrea  wUli  «) 
ler  a  rich  purple  solution,  hut  is  insoluble  in  alcohol  or  itlie 
It  appears  lo  be  the  ammonium  salt  of  a  rery  coroplex  aiaiil 
which  has  been  called  purpuric  acid  ;  but  although  tho  aanw 
nium  radical  may  be  readily  replaced  by  various  metab  tk 
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amide  itself  has  not  been  isolaled,  and  our  knowledge  in  refrard 
to  tlmt-e  beauliful  compounda  is  as  yet  too  limited  to  enable  us 
to  assign  to  them  any  probable  rational  symbols.  Similar  pn>- 
duct)  are  obtained  by  the  action  of  potatsic  cyanides  on  picric 
add  (457),  and  these  isopurpu rates,  as  tiiey  are  called,  are 
isomeric  with  the  corresponding  uric  acid  derivatives. 

480.  Guanine  and  Gvanidine. — The  fiiat  of  these  com- 
pounds resembles  uric  acid,  and  is  found  associated  with  it  in 
some  kinds  of  guano,  but  it  foi'ms  an  amorphous  instead  of  a 
crystalline  powder,  and  baa  ba^ic  rather  than  acid  relations. 
Ultimate  analysis  gives  the  empirical  symbol  J/^NiC'sO,  and  li 
may  be  regarded  as  derived  from  xanthine  by  replacing  the 
radical  JfO  by  //.A'',  —  a  view  of  its  constilution  which  is  sus- 
tained by  the  fact  that  when  treated  with  nitrous  acid  it  yields 
that  well-known  diureide, 

2ff,ff,Ci,0 -{- OO  =  2C.F,y.O,  +  Jf^O  +  Jf-N.   [57U] 

An  equally  interesting  reaction  is  obtained  by  digeslingguanine 

with  a  mixture  of  hydrochloric  acid  and  potassic  chlorate,  when 

it  breaks  up  into  parabau  and  a  remarkable   amine   called 

guanidine. 

I/,N,(7,0-\-  ff,0-\-  0,  = 

""■^  y/,jf,C4-ff,jp,r,o,  +  cOr    [57i] 

There  are  also  formed  at  the  same  lime,  although  in  smaller 
quantities,  xanthine,  oxnluric  acid,  and  urea. 

Guanidine  is  a  crystalline  solid  having  a  strong  basic  reac- 
I  tion,  absorbing  CO,  from  the  air,  and  forming  with  acids  crj'S- 

lalline  salts,  which,  like  H^N^C ,  HCl,  <nntain  for  every  mole- 
cule of  a  monobasic  acid  one  molecule  of  the  amine.  It  can 
be  formed  synthetically  by  heating  iodide  of  cyanogen  with  an 
alcoholic  solution  of  ammonia  in  a  closed  tube,  and  ihis  reac- 
lion  leaves  no  doubt  in  regard  to  its  molecular  siruciure. 

IN'-C-I+  2ff,N=  ffiV''0(37/,), .  ///.  [57-2] 
Guanidine  has  also  been  obtained  by  healing  wiib  the  same 
Bolntion,  and  under  aimihir  condition*,  clilorpicrin,  a  product  of 
the  action  of  chlorine  on  picric  acid. 
; 


I 
I 


cn,(ifo,)  +  SN/r,  = 

HJI,  C.HCI+  IHCl  -I 


HXOr     [573] 
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Th«  interpretat 
when  llle 


e  chlor|)icrin  is  liistil 


i  sidud   b;  lb«  I 


alcobol  I 
or[  bo-cur bonato,  ibas :  — 


it  yielda  an  ether  which  is 

(C,n,),^Oe^C-\-ZNaa -if- NaNO^  [i7i] 
The  same  elher,  be;iied  with  aqua  ammouia  in  a  dosed  Uibe^ 
gives  giianidiQe. 

Et,iO^C-\-  SNH,  =  iEl-0-H-{-  n^--0{NH^  [i7J] 
Tbere  are  al-o  known  a  number  of  well-markrd  untinc  ba»«s 
whicb  may  be  regarded  us  di;rived  from  guBiiidioe  by  rcpUdnj 
one,  two,  or  three  atoms  of  iu  typical  hydrogen  by  liydronr- 
l>on  radifaK 

41)0.  Glycoeynmin  and  GlycocijamidiHe,  CWalint  and  Crro- 
tinine,  —  By  passing  chloiiJe  of  oyiinogen  and  animonia  pa 
Eimulfaneuudly  into  anhydrous  ellter,  the  ammoriic  cblunds 
which  is  formed  sepKrat«s  out,  while  there  rcmniiia  in  iiol>iii«a 
one  of  tlie  simplesc  and  at  the  aame  time  isost  reniaHahl* 
compounds  of  the  amide  group. 

CN-Cl  +  2JV//3  =  yir,'CN  4-  Nff.Cl.        pTGJ 

Now  we  can  directly  unite  the  cyananiide  tlms  formrd  wiib 
glycoi'olt,  and  the  product  is  cnlled  glycocyamine.  which  wliirn 
aited  upon  by-dry  /^(?/yields  an  allied  base  called  KlycorTsroi* 
dine.  The  constitution  of  these  bodies  can  be  inftsnvA  wilfa 
gri-al  certainly  from  the  simple  symheiieal  proovas  bj  •mioA 
the  first  is  formed,  interpreted  by  reai-tinni  [573]  and  [A'C]. 
It  will  be  noticed  that  the  fnciors  in  ihrse  two  reaurtians  an 
nearly  the  same,  and  the  difference  in  the  products  dt'p»!i>Ji  wt 
gligbt  variations  of  conditions.  Imleed,  guanidina  may  Iht  o)k 
lained  by  the  Hi'lion  of  NHt  on  tlie  chloride  aa  well  as  on  like 
iodide  of  cyanc^n,  only  it  is  not  iben  the  chief  pradtiri.  for 
ibe  reaction  lends  to  take  the  form  of  [576j  raiber  ibaa  nf 
[572].  An  analysis  of  the»e  reai-lions  will  show  lliat  ti»e  dif- 
ference in  the  results  depends  on  the  circum-'tntiiw  ibal,  while 
in  [J76]  the  two  atoms  In  the  cyanogen  radicjil  remain  united 
by  the  three  original  bond*,  in  [572]  one  of  these  bonds  is  H 
loose,  forming  points  of  aituchment  to  which  the  two  radkak 
//(ind  JV//,  join  themselves,  K«w  the  union  of  glyooooU  wiih 
cyanainide  probably  depends  on  a  similar  change,  m  diM  ia 


I 

I 
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oiling  glrcopynmine  llie  two  aloms  in  the  original  cya- 
nogen ruUical  remain  joinetl  by  iwo  lionds,  while  the  two  parO 
of  the  glycocoll  molecule,  NH,  and  HO-C^H^O,  unite  to  the 
points  of  attachment  which  ihe  breaking  of  the  thin]  bond  fur- 
niabes.  Tlie  subsetiuent  production  of  glycoi-yamide  U  simply 
an  example  of  the  change  Trom  a  monud  to  a  dyad  radical  by 
the  eliminalion  of  HO  with  which  we  are  so  familiar  (485). 

The  interest  attaching  to  the  above  compounds  arista  from 
the  fact  that  there  \a  found  in  muscular  juice  a  crystalline  base 
called  crtafine  (supposed  to  have  im|iorIaiit  physiological  rela- 
tionij),  which  is  the  lirst  homologue  of  glycocyamine,  and  whicli 
yields,  when  treated  with  acids,  a  second  base,  creatinine,  ilist 

the  fii-i't  homologue  of  glycocyacnide.  Thus  we  have  the 
following  triamides:  — 


H^QJI^O  \N^ 


Eo-CtH^O  \ 
if.) 


Both  creatine  and  creatinine  have  been  found  not  only  in  mus- 
Gulnr  fleeh,  but  also  in  the  urint!,  in  the  blood,  and  in  other  ani- 
mal fluids;  but  it  is  dillii-ulc  to  determine  to  what  relutivo 
exieut  they  exi^t  in  the  living  body,  since,  while  strong  acids 
t'orivert  creatine  Into  creatinine,  alkaline  reagents  change  cres- 
linc  back  to  creatinine,  and  these  changes  may  take  place  in 
ihc  procei^es  of  extraction.  These  buses  unite  directly  with 
acids,  forming  wcl1-crystalli2ed  bhIU),  and  one  molecule  of  base 
neutralizes  in  each  case  on«  molecule  of  a  monobasic  acid. 

Creatine  has  been  formed  synthetically  by  a  process  which 
plainly  indicates  its  molecular  constiiurion ;  for  as  glycocja- 
lults  from  the  union  of  cyanamide  with  glycocoll.  so 
creatine  is  tiie  product  of  the  unioo  of  cyanamide  with  meihyl- 
glycocoll,  a  compound  usually  called  sarcosine,  and  the  rcac- 
lioiH  below,  which  show  that  sarcoslue  is  rtMiUy  methyl-glyco- 

Icoll,  complete  the  evidence. 
1st.  Synthesis  of  glycocolL 
//«-( r,ff,0)-Cl  +  iV^Jy,  —  Ori C^H.OyNH,  +  HCL    [5771 


ojkFwsna  USD  i 

2d.  STTitheais  of  sarcosiitc 

ffo-('r^'0)-A'{C^)^+ ffCL    [578] 

491.  Cqpiue  and  ThciAromine.  —  Theae  w«lI-knoin)  of. 
ganio  bases  which  are  regurdeil  as  tlie  acdve  agents  in  ten  aiul 
coffee  on  the  one  band,  and  in  llie  cacao-bean  on  llic  oiher,  are 
closely  allied  to  tbe  cIoiiB  of  comiiounds  we  have  bi-en  Bfudving. 
They  are  probably  the  melhyl  sub^tUulion  products  of  ■  etut- 
pler  amide  not  yet  discovered.  That  caffeine  is  tni-tby]-lli«^ 
bromine  there  is  no  doubt,  for  theobromine  can  be  cotivcrtrd 
into  caffeine  by  a  simple  process  of  substitution.  It  is  bIh> 
probable  that  theobromine  itself  contains  melbyl,  for  wlavo 
caffeiiie  is  oxidized  by  chlorine  and  water  it  yii?ld«  wen-knova 
dimethyl  products.  Uoreover,  these  products  ere  tlie  tnviiifl- 
aied  forms  of  two  well-known  uric  acid  derivatives,-  vix.  alio- 
xanthine  and  paraban,  indicating  that  cafieine  and  ibeobroiaiae 
are  allied  (o  the  diureides.  Now  it  appears  from  their  einpin- 
cat  symbols  that  theobroDiine  differs  from  xauiluue  by  juit 
(,Cff^)^thaa:  — 

C,H,N,Oj  C,R^N,Ot  C,/f„.X,Or 

But  theobromine  can  not  be  simply  dimethyl-xnntliin«.  for  ihil 
last  compound  haa  been  made,  and  atthoiigh  isomeric  witli  theo- 
bromine is  not  the  same  substance.  When  cufl'eine  Is  trmiH 
with  baric  hydrate  there  is  formed  during  the  first  stage  af 
the  process  a  new  base  called  caffcidiue.  but  this  i»  sub>cquon(ly 
decomposed,  and  the  ultimate  protlucta  of  the  reaction  arc  hr- 
i-'uleS  carbonic  dioxide  and  ammonia,  formic  acid,  niethylaminfl, 
and  xarcosine.  Creatine  simiUtrly  treated  yields,  besiilu  car- 
bonic dioxide  and  ammonia,  only  sareosine,  and  these  reactiont 
indicate  that  the  unknown  amide,  of  which  caffeiue  is  a  mrthy(- 
ated  substitution  product,  is  allied  to  creatine,  prolwUy  ouir 
taining  like  this  the  glycol  radical. 

4!)2.  Vegetable  AOcaloidi. —  The  aclive  principles  of  many 
medicinal  or  poisonous  plants  are  crystal lintble  bodies,  wbicb 
closely  resemble  in  their  gcnenil  properties  and  cheinical  rr- 
lations  ilie  complex  amines  or  bafic  amides  we  have  been  study- 
ing. Several  of  them,  like  quinine  and  morphine,  are  wrll- 
known  articles  of  the  materia  medicn,  and  are    peritap*  lb* 
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most  valuable  medicinal  agenU  which  we  possess.  As  a  gun- 
erul  rule  the^  are  Boluble  iu  water,  liave  a  slniiig,  bitter  ta«te, 
and  form  well-marked  c:ryBtalliDe  ».iiltii  wiib  aciiU.  Hence  tbe 
name  of  vegetable  ulkaloids.  The  numlier  ul'  these  bodies 
now  known  'u  exceediii^ily  large.  The  tiried  juictl  of  the 
poppy,  whiih  we  call  o|iiurn,  aloiif;  contains  uol  le-^S  tlian  eight 
diBlJnct  bnsea.  Two  of  the  alkaloids,  coiiine  aud  oiL-otiiic, 
from  the  hemlock  and  tobacco  plant  re.'tiiectively,  are  rolalile 
oily  liquids,  and  ilicy  d'o  not  eontain  oxypen.  The  great  bitUy, 
however,  of  the  alkaloid*  are  oxygeuati-d  (.'onipound-i,  and  uaii' 
not  br'  distilled  withmit  deuoiap<isiiion.  These  two  chLrses  of 
alkaloids  correspond  to  the  volatile  amines  on  the  one  hand, 
and  the  non-vojuiile  ammonium  b&ses  on  the  other :  but  no  cale 
coticlu^iuii  in  regard  to  their  conHiiution  can  be  drawn  from 
lhi»  ecumitig  aiinlotiy.  for  not  only  are  the  faels  wo  have  been 
Rtudyiiig  sufficient  to  show  that  the  class  of  aminen  or  alkaline 
amides  int.-ludes  many  non-volatile  oxygenated  bases,  but  all 
the  natural  alkaloids  combine  direclly  with  aciJ.i  in  forming 
salt»i.  Moreover,  in  several  caries  we  are  able  lo  (substitute 
hydr<)curl«>n  radicals  for  one  or  more  of  the  hydrogen  aiuuH  of 
the  alkaloid,  and  obtain  bodies  which,  like  the  ammonium  buses, 
eliminate  water  when  they  combine  with  oeiUs. 

Ainon^  the  mo^t  impuriant  of  the  vegetable  atkaloid^i  may 
be  mentioned  morphine,  nareotine,  and  codeine  from  opium ; 
quinine  and  cinchoniiie  from  cinchona  bark ;  strychnine  and 
brueine  from  nux-vomica  and  other  strychnos  plants;  aconi- 
line  from  the  monkiiliood  ;  atropine  from  belladonna  and  stra- 
monium :  verairine  Irom  the  white  hellebore.  All  these  sQb> 
Btaiiccs  have  been  carefully  studied,  and  tlietr  general  properties 
and  chemical  relations  are  accuraiely  known.  Their  emgiiiicHl 
formula  show  that  with  few  exceptions  they  must  be  very 
complex  bodies,. but  beyond  this  very  little  has  been  made  out 
in  regard  lo  their  chemical  cou^lituiion.  In  several  cases  the 
number  of  replaceable  atoms  of  hydrogen  iiave  been  deter- 
mined, and  in  others  the  natural  alkaloid  bus  been  proved  to 
be  a  methylated  substitution  product  of  a  simpler  base,  but  in 
no  case  haj  the  molecular  structure  been  fully  developed.  The 
great  difficulty  encountered  in  investigating  the  constitution  of 
these  bodies  urines  from  the  fact  that  we  know  of  no  reagent 
by  which  we  can  replace  nitrogen  by  monad  radicals,  and  ibua 
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breiik  up  the  alkaloiit  into  the  several  atomic  groups  of  whk-i) 
it  caiisists,  wUhoiil  decunipoaiiig  Uie  miliiraU  nl»o.  The  etutkftt 
should  Gtwly  iu  this  connection  tlie  iropoilant  inTe-fiigation  uf 
MfttttnesMin '  on  mar|iliiii<!  und  codeine,  and  itiiit  of  SciuiT*  i 
Conine,  the  fir?t  alkaloid  which  has  been  produced  s^nthcticully, 
493.  Ainine-Aniides.  or  AVcamidet.  - —  It  must  have  \uxa 
noticed  that  with  the  conipleic  compounds  we  liav«  been  r 
centl;  sludjiug.  ihe  clear  distinction  between  atnine*  and 
nmided  pn.*vioui>lf  drann  (167, 1G8)  is  iilmoet  wholly  oW'urvd. 
Tlie  eSeci  ol'  iiitrodudiig  severul  radicnlii,  lioib  aciit  and  ti 
into  [hu  sami.'  ammouia  gioup,  c-iuitiot  be  Intced  lu  auy  general 
priiJciple.  The  resulting  molt-cule  hua  EOuKltmes  baaic 
Hometiines  acid  relations.  Uencu  it  is  that  wu  liave  bv«n 
obliged  to  class  with  the  amides  so  man;^  »ub8ianc«s  bnviitg 
well-marked  alkuliue  properties,  aud  lor  this  tvikiun  manr 
chemisiii  di^liiigui'h  a  third  class  of  ouiujiouudH  under  the  ai 
munia  type,  tu  which  they  give  the  RHine  of  arnin<--amidM  or 
alkamides  (alkaline  amides).  Au  alkamide  is  frequenttj  da- 
tiaed  iia  a  coa]|iound  uf  the  amnioDia  type,  in  which  the  bydnw 
gen  nioiDzt  are  in  pnrt  replaced  by  basic  and  ia  part  by  acid 
radicnls;  bnt  we  pi-efer  to  give  to  the  term  the  ninple  meanir^ 
which  the  derivation  indicates,  for  nr«B,  which  contains  onlj'  an 
add  radical,  is  one  of  ibe  beKl-dcAned  bod>«8  of  iha  tJars,  m 
least  if  we  accept  the  view  of  its  consiiluiion  usually  taken. 
The  distinction  has  not  been  before  tnade  in  ihia  book,  because 
the  study  of  the  alkamides  cannot  well  be  separatwl  from  thai 
of  the  true  amides  to  which  ihcy  are  so  clo*ely  relatad ;  and 
since  several  of  the  more  important  of  tli««e  eompounda  ban 
already  been  described,  further  examples  are  onneoeasarT^ 

'  Pnic«Hlii(r>  of  tha  Roral  Swid'T  of  London,  XVII.  «IiS  i    aIh,  Am 

Chrm,  ami  I'lmnvi.,  Vll.  SDp|.l™eiilImml,  ITO. 
*  Bcriclite  dor  Uuateubea  clicm.,  Gesetlitehnft,  Jnhr^ng,  111.  M4> 
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Alcohols  and  their  Derivativei. 

494.  Chlurali.  —  The  whit«  uolid  which  iii  the  uUimale  re- 
sult of  the  aciion  of  clibrinti  gas  an  absolute  nkohol  is  a  com- 
poimil  of  alcohol  with  one  of  iti  chlorinated  derivales  called 
chloral.  When  the  erode  product  of  this  reaction  iv  treated 
with  xtrong  sulphuric  acid  the  chloral  sepiirales  out,  and  may 
be  decaiited  and  purified  by  repeated  distillation  over  lime.  It 
ill  a  thin  colorlces  oil,  baviiii;  a  pungent  odor  and  astringent 
taste,  boiling  at  98*6,  with  Sp.  Gr.  =  1.49  and  Sp.  Gr.  = 
74.04.  It  readily  di^k^Ives  in  waler,  yielding  a  ueulral  solution 
which  does  not  precipitate  nitrate  of  silver,  but  in  eo  diswlving 
it  enters  into  combination,  and  if  the  amount  of  water  is  small 
the  union  i^  attended  wiih  a  marked  elei'ation  of  lemperatare. 
If  the  amount  taken  is  about  one  eighth  of  the  ireijilit  of  the 
chloral  the  whole  mass  eolidifiest  and  the  whitf  traiisliicent solid 
ibud  formed  a  the  fatnitiur  preparation  which  is  now  so  highly 
valued  as  an  anesthetic  agent.  Chloral  Hijdrate  liaa  a  i^trong, 
pungent,  ethereal  odor,  volatilizes  gradually  in  the  air.  and  dis- 
tils without  decomposition  when  heated.  It  melts  at  50°  to  51% 
boils  at  97°  to  99°,  has  Sp.  Gr.  =  1.61  and  Sp.  Gr.  =  39.84, 
showing  that  chloral  and  water  are  disasraciuted  at  lOU".  This 
mib^tanee  was  discovered  by  Liebig  in  lUSi,  but  it  is  only  re- 
cently that  its  valuable  medicinal  ([uulities  have  been  appreci- 
ai«-d  or  its  chemical  relations  fully  understood. 

Chloral  is  a  chlor-Hldchyde,  and  has  the  »nme  structure  as 
acetic  aldehyde,  but  contains  CI,  iu  place  of  the  //,  in  the 
methyl  radicah 

CH^-co-H  cn,co/f. 

Its  constitution  is  shown  b;  the  fallowing  reactions;  1st. 
Acelic  aldehyde  when  at-ieU  on  by  chlorine  gas,  under  regu- 
lated condirions,  is  converted  into  chloral.  2d.  Chloral  when 
actfd  on  hy  nascent  hydrogen  changes  hack  to  aldehyde.  8d. 
Chloral  combines  with  Ifff^  forming  a  compound  correspond- 

t  to  ald<-hvde  ammonia.    4th.  Oxidizing  agents  convert  chltv 

I  into  chloraceiic  acid  (31)  and  [479]. 

When  cldoral  or  its  hydrate  is  treated  with  a  solution  of 

:»usiic  alkali  it  yields  chloroform,  together  with  a  formiate 


(C€fyro-ff-i'iK'Oi^ff=ro^c*ya^-i-cc^x  iszi} 


It  «ai  bs  M(«a  Ite  wUlc  n  diA»  rrMSDB  ifae  n&d  <7C( 
tiMWfW  phcR  witb  irO,  in  dw  yrg*Mi  rfatfaw  k  rliiiig,!  I 
phM  widi  KO,  aad  ibk  &x  ■  •  noM  tarAam%  JIImiiIi  hjim  «I 
lh«  Umoij  of  dieoaiol  poterky.  CUorpiaiB  m  an  mij  ifa^ 
oraMlly  obuincd  bf  ilw  actioa  of  cUofiae  «■  yfam 
iMj  be  r^pBTdrd  w  eUerolbrai  in  wUek 
gen  aioiB  1m*  been  rn)lwtwl  bj  iTfV 

Cblond  eombwes  boI  oal^  with  water  moA  with 
«(4wl,  bat  alM  will)  otber  akobob  of  the  aane  fiuBttjr,  wiA 
nm^  Barf  with  wveral  amidci.  Tlew  prodacta  ara  gncfaBf 
ragarded  a»  noleralar  cocDpoowk,  but  it  is  bmt*  probable  ibat 
tbejr  have  ilie  coiuiiiiniaD  r^raealed  m  iba  ■dieiiM  bdowi— 


{CCkCHyo. 

{CCk-CHyHor 

(CC%0//ySto.ffa. 


(crf,-cff)-o 


{cniCny-Etot 


A*  liere  reiiresented,  the  compounds,  wiih  water  and  alooluJ. 
ari'  inlf^rmcdinte  tenna  betm-en  chlonkl  and  anuiber  subMiluiJua 
prwiuct,  which  beara  the  eame  relaiian  to  actstal '  tbal  vlUwai 

1  AmIkI  Ii  a  Wflll^nown  pitidufl  of  (he  mlitalinn  of  eltiiliti  ■IcoboL  H 
Nahut  Ih*  radical  «th;liilfiie,  and  diinin  both  in  Kp.  Gr.  ukI  l«ilb>|^.fBfai« 
nmla  oompotuulcoulaiuiiiji  vibjlana,  nliich  liu  41mi  bawtiaalaMd. 
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bears  to  aeetic  aldehyde.  These  formuliP  are  supported  by  the 
fact  that,  while  aldehyde  cidoral  and  chlur^il  hydniie  are  all 
convened  by  PC\  into  ethyliJena  chloride  (31)  (464),  the 
compound  of  chloral  with  alcohol  yields,  under  the  SHiue  oondi- 
liona,  a  substutice  repreai^iited  by  the  ayrobol  ( C'Cl,-  CJfj'JiCo,  CI, 
and  not  the  normal  products  of  the  action  of  PCl^  on  chloral 
and  alcohol  separately,  as  we  ebould  expect  if  ibey  were  pres- 
ent as  Buch  in  the  compound  in  (jue^tion. 

It  has  been  stated  above  ilmt  uoeiic  chloral  may  be  formed 
from  acetic  aldehyde  hy  the  direct  action  of  chlorine  gas  un- 
der regiilaled  conditions.  It  is  simply  necessary  that  there 
should  be  present  with  the  aldehyde  lumpa  of  marble  lo  absorb 
the  J/Cl,  which  is  formed  by  the  reaction;  for  IICl  converts' 
acetic  aldehyde  into  croionic  aldehyde,  and  this  product  is  then 
the  only  point  of  attack  for  the  chlorine  gas.  Thus  it  is  that 
irhen  chlorine  acts  on  acetic  aldehyde  without  any  chetk,  the 
&nal  [irodnet  ia  not  acetic  chloral,  but  a  new  chloral  derived 
from  crotonic  aldehyde  (453). 

(CCli-C/fCIfCO)-K 

Crotonic  chloral  resembles  outwardly  acetic  chloral,  and 
forms  a  similar  compound  with  water.  It  is  the  odIj  other 
chloral  which  has  thus  far  been  isolaliidi  but  an  insoluble  iso- 
meric modification  of  coiumoD  chloral  is  known  whose  relations 
are  not  yet  understood. 

495.  McUitie  Acid.  —  This  compound  has  long  been  known 
as  a  constituent  of  the  mineral  mellite  or  honeystone,  which 
is  mellitate  of  aluminum,  IAI.,-\C^0^ .  ^ H^O,  and  is  found  in 
reddish-yellow  octahedral  crystals  in  the  brown  coal  at  several 
localiltes  ;  but  it  is  only  recently  that  its  remarkable  chemical 
relations  have  been  discovered.  It  has  been  shown  by  Bayer 
that  this  acid  is  hexabnsic  and  belongs  to  Iho  phenyl  group. 
It  may  be  regarded  as  derived  from  benzol,  C\H^,  by  replacing 
all  the  six  atoms  of  hydrogen  with  oxatyl.  Benzoic  acid,  it 
will  be  remembered,  is  benzol  with  one  of  the  hydrogett  atoms 
replaced  by  oxaiyl,  and  Bayer  has  not  only  been  able  to  iden- 
tify three  of  the  four  intermediate  acids  which  are  theorellcaily 
possible,  but  he  has  also  shown  that  each  of  the  three  is  capa- 
ble of  two  isomeric  modifications.     Thus  we  have:  — 


Tile  isomeric  tncKlificiitions  probnbl;  result  from  a 

llie  order  in  which  ihe  Lydrogeii  auil  oxaiyl  aloins  are  tittwiied 

10  llie  carbon  atoms  of  the  primary  nudeuo  {i2H,  Fig.  c)  and 

(456). 

Que  of  ihe  compounds  included  in  the  above  sc^hnnie  hai 
cenain  oilier  remarkable  chemical  relalions  wbioh  p<i!at  with 
great  certainty  to  its  molecular  consiiiution.  Philmlic  add 
is  not  oulj  a  derivation  of  benzol,  but  aba  of  naphlhalinci 
for  this  well-known  hjdrocarbioi  (434),  vhen  lieated  wiih 
strong  oxidizing  agents,  yields  a  mixture  of  phtbalic  and  oxalic 
acida.  Assuming  it  proved  that  phllialic  acid  has  ilie  benuil 
nucleus,  Ihe  best  theory  we  can  form  in  regard  lo  ihi«  reaclKm 
gives  to  the  molecule  of  naphthaline  the  singular  comitiiutioa 
represented  below ;  and  it  can  be  seen  by  com[>aHng  Uie  llifee 
graphic  symbols  placed  side  by  side  tliat  the  reuclion  U  lliitf 
fully  explained. 

If 
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If  Ibis  theory  is  correct,  it  follows  thni  b  phlhalic  acui  (he 
two  oxaiyl  gmuiis  are  united  lo  ndjai-ent  mrbnn  atoms  »f  iIm 
nucli-UR,  and  that  iis  conslilution  is  bo  far  dnermiiicii  Agiun. 
it  will  be  noticed  that  these  adjacent  cnrlMn  atoma  an  on^nl 
by  a  double  bond,  and  that  in  the  closed  chain,  of  whidt  ibrr 
nre  a  part,  the  links  are  joined  by  double  and  aliiKle  bond*  i^ 
temsting.  Now  it  is  evident  thai  if  either  of  tbeae  douUa 
bonds  could  be  exchanged  for  a  single  one,  llio  nuclttua  wmld 
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be  nble  to  oltn'^Ii  to  itsvlf  two  aiMitional  hrilrogen  Btomii,  six 

in  nil,  and  ibil  if,  besides,  we  could  bre-uk  llie  clmiii  lietwetn 

tliL'  two  ntljiicent  atoms  above  relerred  to,  the  niieleiis  could 

hold  yet  two  more,  and  we  should  tlien  have  suberic  acid  (470), 

Now  all  ihe.'^e  transrormalionx  appi-ar  to  be  possible,  fur  we 

have  been  able  to  prepare  tiie  following  series  of  bodies : — 

PI.tJ.alic  Acid.  (?,«;'(  CO- Ho), 

Hydro-phllialic  Acid,  C^Hgi  00- hJ)^ 

Telrahjdro-phlhalic  Acid,  C^ff/i  CO-Ho)^ 

Hexahjdro-plitlialic  Acid,  C;/V( COHo), 

Suberic  Acid,  0.//u'(  COIh), 

We  are  also  acquainted  with  Btill  another  derivative  of  betizol 
called  tart  ro-ph  I  Italic  acid,  which  dilfere  from  bexahydro-plitlia- 
lic  acid  onl}'  in  that  there  is  associated  with  each  oxalyl  group, 
and  attached  to  the  same  carbon  atom,  HO  in  place  of  H, 
Tarim,  hcxahydro,  and  tetrabj-dro-phthalic  acids  are  rebtred 
by  a  pr^i'uliar  kind  of  homology  to  lariaric  succinic  and  malcic 
acids  rt-Bpeciively,  which  will  be  erideot  on  brin;iing  together 
their  graphic  symbols.  The  theory  that  in  all  these  acids  ex- 
cept suberic  the  two  oxalyl  groups  are  jwned  to  adjacent  car- 
bon alnnis  \i  sustained  by  other  considerations  tban  the  one  we 
have  jiiven  here,  but  for  these  we  must  refer  the  studoui  to  the 
oripnal  memoirs. 

The  grai>hic  symbol  of  naphthaline  being  so  symmetrical,  it 
would  seem  impossible  to  determine  on  which  side  the  division 
of  the  nucleus  takes  place  in  the  reaction  represented  above; 
but  there  are  conditions  in  which  even  this  can  be  tmeed.  We 
have  written  below  the  symbol  of  naphthaline  so  as  to  indicate 
in  a  measure  its  bilateral  structure,  and  on  the  same  line  we 
have  given  the  symbols  of  two  of  its  well-marked  sulMtiiulion 
product?,  which  are  very  numerous  :  — 

c,fffC/r,ff^         cjTcPi-c^(\o^         c^n^ChCfC.cif 


Now  the  first  of  these  derivatives  when  oxidized  gives  phthnlio 
acid  like  naphthaline  itself,  while  under  the  same  conditions  the 
second  gives  tetrachlorphlhalic  acid.  Evidently,  then,  in  the 
flfpt  r:is<-  the  subr'tilutiun  is  confined  to  one  side  of  the  naphtha- 
tine  molecule,  and  the  division 'which  accompanies  the  oxida- 
tion takes  place  on  the  smni:  sidu  ;  nrhile  in  the  second  cose  not 
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only  oil  the  hydrogen  ntotns  on  one  side  are  repUo«d,  but  also 
one  on  the  other,  and  the  division  takes  place  on  llie  side  of  tlio 
single  dilorine  atom ;  for  were  the  noclens  divided  on  the  oilier 
side  we  should  have  not  Ictrnclilorphthalic  but  monochlorphtlulic 
ncid.  These  reactions,  moreover,  furnish  very  strong  evid 
ill  favor  of  the  theory  of  the  structure  of  the  naphibaluia  mule- 
ciile  slatfd  ahove.  Since,  as  we  obtain  a  body  liaving  the 
Blmclure  of  phthalic  acid  on  whichever  side  we  divide  the 
molecule,  it  b  evident  that  the  two  sides  must  have  the  same 
Eiructure,  so  that  if  we  arc  not  mistaken  in  ri'gard  1o  the  Mruo- 
lure  of  phthalic  acid  there  can  remain  but  Utile  doubt  in 
resard  to  thai  of  naphilialine.  Now  phthalic  acid.whfn  heainl 
with  on  escess  of  lime,  yields  benzol,  and  benzol,  when  oxi- 
dizi'd  under  certain  condition!!,  yields  benzoic  and  phlbalic 
acid,  reactions  which  may  be  almost  said  lo  prove  tlial  ibis 
arid  contains  llie  benzol  or  phenyl  nucleus.  The  siinpte  rela- 
tions of  phthalic  to  benzoic  acid  are  evident. 

Jf,  with  Kekul^,  we  number  the  carbon  atoms  of  the  phenyl 
nui'leus  from  1  lo  6,  and  assume  that  in  phthalic  acid  llie  ti 
oxaiyl  roiiicald  are  united  to  the  first  and  second  alom«  of  the 
nucleus,  then  it  is  evident  that,  without  altering  the  genera! 
Btmcture,  two  modification b  of  it  may  be  obtained  by  changiiig 
the  position  of  the  oxaiyl  radical,  which  can  also  be  attacbed 
eilher  lo  the  6rst  and  third  or  to  the  first  and  fourth  stoma  of 
the  closed  chain.  Now  there  is  good  reason  for  believing  that 
such  is  the  position  of  the  radicals  in  isophthalic  and  I 
phthalic  acids  respectively,  but  for  the  evidence  wo  mual  refer 
to  the  original  papers,* 


MS6.] 


49li.  Quinone.  —  The  artilicial  production  of  uliT^arine,  the 
coloring  principle  of  madder,  is  not  only  one  of  the  moat  re- 
markable  achievements  of  modem  chemiflry,  but  ie  also  a 
direct  corroboration  of  the  Tfilidity  of  the  mode  of  reasoning 
wliieh  the  new  philosophy  of  the  science  has  introduced.  Ali- 
earine  was  nctunlly  constructed  by  following  out  the  indicHtiooa 
of  a  theory  of  its  mnleciilar  tIntcCure,  lo  which  a  ftudy  of  its 
reacIioQB  and  tho^e  of  allied  compounds  had  led.  Iti  order  to 
make  clear  the  course  of  the  inrestigation  we  muat  go  back  to 
the  discovery  of  quinone  in  1838.  Thi^  body  was  obtained 
by  the  oiidation  of  quinic  acid,  a  vegetable  aeid  found  in  cin- 
chona bark,  where  it  is  combined  with  dnchoninu  and  i{tiinine. 
Quinone  is  a  volatile  solid,  crystallizing  by  f^iiblimnlion  in 
shining  yellow  needles  which  have  the  cimposilion  indicated 
by  the  empiricul  syrabol  Pgff,0,.  When  hented  with  a  mix- 
ture of  hydrochloric  ncid  and  polassic  chlorate  it  in  rapidly 
converted  into  totmchlorquinone,  {7«CV,0y  a  compound  which 
is  identical  with  chloranit,  a  product  of  the  action  of  the  Mmie 
aijents  on  carbolic  acid,  aniline,  and  other  well-known  bodies 
of  the  phenyl  group.  But  although  ihe^e  renciions  indicated  a 
close  rdlationship  with  the  class  of  compounds  formed  around 
the  carbon  nucleus,  represented  in  Fig.  c  page  457,  the  first 
saiinfaclory  theory  in  regard  to  the  molecular  structure  of 
([uinune  was  that  advanced  by  Graebe  in  186S.'  He  concluded, 
as  the  result  of  a  very  extended  investigation  of  the  whole 
c1h!»<  of  allied  compounds,  first,  that  the  molecule  of  quinone 
eoiitains  the  phenyl  nucleus;  secondly,  that  the  two  atiima  of 
ojtyfien  in  this  molecule  are  united  tosKther 
by  a  common  boud,  thus  forming  a  dyad  radi-  , 

Oil  whicli  aid*  in  binding  together  two  adja-  .  ^  , 

cent  carbon  atoms  of  the  phenyl  nucleus,  thus :    U-  C 
so  that,  according  to  his  view,  quinone  may    ff-Q 
lie  regnrded  as  derived  from  benzol  by  re- 
placing two  neighboring  hydrogen  atoms  in 
^H     its  molecules  by  the  radical  '[<?■]. 

^^P     >  ITnteni 
^K  CXLVl. 
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The  above  condo^ioos  are  ba^d  chiefly  otr  the  IbUowing 
facts.  In  eupport  of  the  firsl  we  Lave  h  Ini^  number  of  re- 
actions  bvaido^  ihose  menliooed  above,  wluwo  concurrent  tC'tJ- 
mony  leavea  no  doubt  that  the  b«nzol  aitd  the  quioooe  group 
of  compounds  are  formed  around  the  same  carbon  tiueletM.  ta 
Ihni  if  we  accept  Kekiile's'  theory  in  nganl  to  the  fir»t,  we 
tatx:>l  extend  it  also  to  ibe  last.  Id  eiipport  of  the  tccond,  im 
hnve  the  fnct  that  when  by  ivacliona,  irliii'h  are  well  undet^ 
elood,  the  oxygen  of  the  quhione  moloeule  ia  repbtcnl  by  hy- 
6n>xyl  or  chlorine,  the  two  aioini  are  exdmngtd  for  only  ik« 
atoms  of  ibeM  monad  radicalii,  and  not  fur  tiiur,  u  would  bi 
the  case  if  the  oxygen  atoms  were  united  lo  the  carbon  Buclviu 
by  all  four  of  their  bonds.  Thus,  when  qainoue  u  acted  ■» 
by  hydriodic  acid  it  yields  bydroquinone,  whoM  «yinbul  h 
Cafft'Jfop  and  oxidizing  agents  change  tliia  body  badt  la  4{ui- 
none.  Agatn,  when  telrachlurquinone,  CCltOi.  is  acted  uo 
by  phosphoric  cidoride  the  pruilucia  are  C^Olg  and  (roe  ekluriM 
gas.  It  is  impmaible,  however,  in  n  few  wurdo,  to  da  juitice  to 
the  arguments  which  Graebe  advances  in  support  of  his  ihitory. 
which  will  be  found  dearly  stated  in  the  paper  already  re- 
in studying  the  deriTatives  of  qninono  Graebe  recognLied 
certain  general  characteristics,  which  he  aiirihutetl  la  tli«ir 
supposed  molecular  sinicture.  Of  these,  the  most  striking, 
after  lh<^  two  just  illuMraled,  is  the  fact  that  two  of  ibe  moniu) 
atoms,  //  or  CV,  asf'ociated  with  the  oxygen  nidiivl.  •{  <^).  in 
the  tnolecular  group  may  be  n-udily  repUoed  by  Mo,  M^S,  or 
HSOf  the  product  being  nn  arid,  an  amide,  or  a  aulpbo^eid. 
This  well-marked  character  of  the  quinnne  group  of  uompiKiad* 
Graebe  attributes  to  the  influence  of  the  atomic  group  [C)(j^] 
on  the  rcBt  of  the  molecule,  which,  as  he  suppoata,  tbrowa  the 
neighboring  atoms  inio  a  polar  condition,  similar  (o  ibat  pro- 
duced by  CO  in  the  organic  acids  and  aldehydes.  The  thrve 
charac I  eristics  of  the  quinone  group  we  have  aignalicrd  ■» 
belter  illustrated  by  the  chlorine  derivatives  of  qoinone  than 
by  quinone  itself.      Take,  for  example,  tetrachlorqulMMie  or 

I  Kcknl^  ariitlniiMd  lb«  llieory  In  reprd  In  Ihs  mnl«oa1ar  •traetmn  of  tk*     < 
mtical  phenyl  wbkh  liu  [»«>  pi«w«tod  lathiibonk.    For  tba  vvMmob « 
whicli  il  fa  luHil  wa  luoal  ntet  to  Kekol^'*  wrlUkiiown  •rorh  on  Orpito 
Chmnilrr,  ■•  It  1«  too  ULtsnilBd  to  ba  gino  b«ra  ■  sIMi  Abu.  Cb«B.  odI 
le\ana.,  C.XX.WU.  118. 
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chloranil,  mentioned  above,  which  has  the  following  chemical 
relations :  — 

1.  Reducing  agents  readily  convert  chloranil  into  tetrachlor^ 
hjdroquinone,  C^Cl^Ho^  a  compound  which  oxidizing  agents 
as  readily  change  back  to  chloranil,  and  whose  atoms  of  hydro- 
gen may  be  replaced  by  metab  or  organic  radicals,  giving  such 
bodies  as  C^Cl^-Ko^  C^Cl^HtOf,  C^ClcAco^ 

2.  When  acted  on  by  phosphoric  chloride,  chloranil  yields 
C^Cl^ and  free  chlorine,  as  stated  above. 

3.  If  chloranil  is  dissolved  in  a  solution  of  potassic  hydrate, 
a  metathesis  takes  place  between  Clg  in  the  first  and  Ko^  in  the 
last,  in  conformity  with  the  third  characteristic  we  have  de- 
scribed, and  if  the  proportions  are  rightly  regulated  there  crys- 
tallize out  from  the  solution  red  ne^les  of  potassic  chloranil- 
ate,  Ko^C^Cl{\^  OJ.  From  a  solution  of  this  salt  hydrochloric 
or  sulphuric  acids  precipitate  chloranilic  acid,  Ho^C^Cl^O^^ 
in  similarly  colored  crystals. 

Trichlorquinone,  C^Cl^HO^  yields  also  similar  derivatives, 
which  for  the  most  part  contain  C^Cl^va  place  of  C^Cl^^  but 
when  treated  with  potassic  hydrate  it  yields  chloranilic  acid, 
the  same  product  which  is  obtained  from  tetrachlorquinone, 
showing  that  the  single  remaining  hydrogen  atom  is  one  of  the 
two  replaced  in  the  reaction. 

497.  Naphtho-quinone.  —  Graebe's  next  step,  in  the  course 
of  investigation  we  are  following,  was  to  recognize  in  the  com* 
pound  we  have  called  dichlordioxynaphthaline  (495)  a  body 
having  the  same  general  structure  as  quinone.  In  a  paper 
published  in  1869,^  he  showed  that  this  body,  which  he  calls 
dichlomaphtho-quinone,^  has  the  same  general  characteristics  as 
tetra-  or  tri-chlorquinone.     Thus  it  appears, 

1st.  That  dichlomaphtho-quinone,  when  acted  on  by  redudng 
agents,  yields  dichlorhydronaphtho-quinone, 

Moreover,  in   this  compound,  as  in  tetrachlorhydro-quinone, 
ffo^  may  be  replaced  by  Aco^, 

2d.  That  dichlomaphtho-quinone  3rields  with  phosphoric  chlo- 
ride the  compound  C^oHiCl^  by  which  it  is  evident  that,  as  in 

1  Ann.  der  Chem.  nnd  Pharm.,  CXLIX. 

s  The  German  name  for  quinone  is  chinoOi  and  the  names  of  the  dlfiferenl 
quinone  deriTatives  are  formed  from  this  root 

24*  JJ 
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the  oaM  of  tetraclilorqainoney  the  gtrnip  [OJ  fa  tiepUioed  by 
Cl^  although  at  the  same  time  a  further  replaoemetit  of  the 
hydrogen  atoms  K^the  original  naphthaline  moleenle  is  effected 
BO  that  no  free  chlorine  is  evolved. 

8d.  That  when  dichlomaphthtH}ninotte  is  disserved  in  a  solu- 
tion of  potassic  hjdimte  there  are  formed  cherry-Yed  needles 
of  the  potassic  salt,  of  an  acid  corresponding  to  chloranlfic 
acid,  and  from  this  salt,  bj  the  action  of  hydrochloric  lU^d,  the 
acid  itself  is  readily  obtained,  as  a  yellow  predpitate  having 
the  composition  expresded  by  the  symbol  HtrCn^^O^O^ 
It  will  be  noticed  that  in  the  ructions  by  which  tiie  so-oUled 
ohloroxynaphthalic  acid  is  formed  only  one  atom  oF  dilorine  h 
replaced  by  hydro^yl,  and  not  two,  as  in  the  case  of  ^loranilSe 
acid.  The  acid  is  a  coloring  matter,  dyeing  wool  a  scariet  or 
orange  color,  but  has  no  affinity  for  alumina  mordants 

The  above  fietcts  certainly  justified  the  theory  of  Graebe 
in  regard  to  the  constitution  of  these  derivatives  of  naphtha- 
line, and  since  his  paper  was  published  naphthoquinone  itself^ 
(^iM'l  ^2]*  has  been  obtained.  Thus  the  word  ^  quinone*  has 
become  the  name  of  a  class  of  compounds,  and  indicates  the 
peculiar  molecular  structure  we  have  described. 

Dichlomaphtho-quinone  and  chbrozynaphthalic  acid  were 
discovered  by  Laurent,  1836-40,  and  the  great  similarity,  as 
indicated  by  ultimate  analysis,  between  the  last  and  alizarine 
Was  noticed  soon  afletv  Indeed,  chlorozynaphthalic  acid  wis 
for  some  time  regarded  as  chlorinated  aliearine,  and  this  opiiH 
ion  was  apparently  confirmed  by  the  fact  that  both  these  sub- 
stances yield  phthalic  acid  by  decomposition  with  nitric  acid. 
But  about  six  yean  since  Martius  and  Griess  succeeded  in 
replacing  the  single  atom  of  chlorine  in  chloroxynaphthalie 
acid  with  hydrogen,  and  a  coloring  matter  was  obtained  haviog 
the  formula  CiqB^O^,  which  is  identical  with  that  aasigtied  to 
alizarine  by  Stredcer.  Tliis  body,  however,  did  not  prove  to 
be  alizarine,  although  it  was  supposed  at  the  time  to  be  ia^ 
meric  with  it. 

498.  AnthraquinanB  and  Alizarine*  -^  GraebOi  now  asssoci* 
ated  with  Liebermann,  beginning  the  investigation  of  aliaariae 
at  the  point  we  lefl  it  in  the  last  section,  naturally  inferred, 
from  the  resemblance  to  chloroxynaphthalie  acid,  that  the  od- 
oring  matter  of  madder  might  be  a  similar  acid,  tboiigli  derived 
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from  a  different  qtiinone,  and,  in  order  to  obtain  some  dew  to 
the  hydrocarbon  to  which  it  is  related,  these  chemists  sought 
as  a  first  step  to  reduce  natural  alizarine  bj  heating  it  with 
powdered  zinc,  adopting  a  method  first  suggested  by  Bayer  for 
reducing  similar  compounds.  The  result  was  a  solid  body, 
which  was  soon  recognized  as  identical  with  anthracene,  a  hy- 
drocarbon {Ci^Ifio)  associated  with  naphthaline  in  coal-tar,  and 
It  was  of  course  at  once  inferred  that  alizarine  was  the  quinone 
teid  of  this  well-known  hydrocarbon,  thus :  — 

AntbxaooM.  AntlinqaUiont.  Anthnqulnonie  Acid  or  AUmiIii*. 

l*he  formula  of  alizarine  thus  deduced,  although  differing  from 
that  of  Strecker,  agreed  with  that  of  Schunk,  who  had  made 
a  most  extended  investigation  of  the  constituents  of  madder. 
Before,  however,  this  theory  of  the  constitution  of  alizarine 
tould  be  established,  it  was  essential  to  reverse  the  process  of 
reduction  and  produce  alizarine  from  anthracene,  and  the  first 
step  was  to  obtain  the  anthraquinone.  Here  again  Graebe  was 
aided  by  the  previous  investigations  of  Laurent,  who  long  before 
had  obtained  an  oxygenated  derivative  of  anthracene,  which  he 
called,  in  accordance  with  a  peculiar  nomenclature  of  his  own, 
anthracenuse.  The  substance  had  been  re-examined  by  Ander- 
son, who  gave  it  the  symbol  Ci^H^O^  and  in  it  Graebe  and  Lie- 
bermann  at  once  recognized  the  required  quinone.  It  onljr 
now  remained  to  replace  two  atoms  of  the  hjrdrogen  in  thfe 
body  by  hydroxyl^  in  older  to  settle  the  qoestion  whether  aliza- 
rine is  the  quinone  acid  of  anthracene  or  not^  The  method 
was  obvious.  Anthraquinone  was  heated  with  bromine,  which, 
replacing  two  of  its  hydrogen  atoms,  yielded  the  compound 
Cx^H^Br^^\_0^^  and  this  heated  to  180**  with  a  solution  of  po- 
tassic  hydrate  gave  an  intense  blue  solution,  from  which  hydro- 
chloric acid  precipitated  a  yellow  crystalline  powder  identical 
in  every  respect  with  the  alizarine  obtained  from  madder. 

This  was  the  first  instance  of  the  artificial  production  of  a 
vegetable  coloring  matter,  and  we  have  dwelt  at  more  length 
than  usual  on  the  history  of  this  beautifiil  discovery,  because 
it  affords  ait  admirable  illustration  of  the  methods  of  modem 
chemistry.^     Before  the  discovery  could  be  applied  in  the  arts 

1  In  preparing  tills  section  we  have  bedn  aided  by  tin  Ihtertoting  pftper  of 
W.  H.  Perkins  (Journal  of  Chenh  Soo.  of  London,  for  1870,  page  188),  in 
which  specimens  of  prints  made  with  ^ificial  alizarine  are  given. 
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it  was  of  course  essential  that  the  synthetical  process  ahoald 
be  modified  so  as  to  adapt  it  to  a  manoflBctoriDg  scale,  and  this 
has  been  in  a  great  measare  accomplished  bj  sabetitating  for 
bromine  sulphuric  acid,  which  when  heated  with  anthraquinooe 
converts  it  into  a  sulpho  acid,  (<ffS0i)i'Ci4B^'[O2']j  and  this, 
like  the  corresponding  bromine  compound,  yields  alizarine  when 
heated  with  potassic  hydrate. 

499.  Purpurine,  —  There  is  associated  with  alizarine  in 
madder  a  second  coloring  material  called  purpurine,  but  as  it 
is  not  absorbed  by  mordanted  calicoes  it  has  little  commercial 
value.  Like  alizarine,  it  is  reduced  to  anthracene  by  zinc 
powder,  and  the  result  of  it-^  ultimate  analysis  agrees  very  well 
with  the  symbol  Bo^Cuffi'lOi'],  but  we  have  no  further  proof 
of  its  correctness.  A  third  coloring  principle  has  also  been 
distinguished,  called  pt^eudopurpurine,  whose  analysis  gave 
results  corresponding  to  the  symbol  IJofCi^If^'^O^.  It  is 
probable  that  all  three  of  these  coloring  materials  occur  in  the 
madder-root  as  glucosides. 

500.  Constitution  of  Anthracene.  —  We  have  now  distin- 
guished three  quinones,  viz.  benzoquiuone,  naphthoquinone,  and 
anthraquinone.  Graebe  and  Liebermann  have  shown  in  their 
recent  paper  ^  that  the  last  has  the  chief  characteristics  we 
have  distinguished  in  the  other  two,  and  that  it  gives  simi- 
lar derivatives.  It  only  remains  to  add  a  few  works  in  regard 
to  its  molecular  constitution.  In  the  paper  just  referred  to 
Graebe  and  Liebermann  advance  the  theory  that  the  anthracene 
molecule  has  a  structure  which  may  be  represented  thus :  — 

ffO     ^HO^ 
EG*       V       HO 

I  H  I 

HG      a        o, 

HO        a        HO 


HO,       HO 
HO 


and  hence  that  anthracene  bears  the  same  relation  to  naphtha- 
line that  naphthaline  bears  to  benzol  (428)  and  (495).  This 
theory  is  not  only  rendered  probable  by  the  similar  chemical 
relations  of  those  three  hydrocarbons  which  we  have  been 

^  Ann.  der  Chem.  and  Phann.,  VIL  Snpptomentlmnd,  1S70,  SIS. 
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Studying,  but  it  also  furnishes  a  satisfactory  explanation  of  two 
synthetical  processes  hf  which  anthracene  has  been  produced. 
1.  When  benzylchloride,  C^HfCH^Cl^  is  heated  with  water 
in  a  closed  tube  to  ISO**,  anthracene  is  one  of  the  chief  pro- 
ducts. If  we  suppose  that  the  production  of  the  hydrocarbon 
results  from  the  coalescing  of  two  molecules  of  the  chloridei 
the  reaction  may  be  indicated  thus :  — 


HO       HOH,0l 
HC*      V     ,  HChH^Cl 

HO         O  ^  C 

ho'  ^ h  h  -  0*   ^ ho 

HO         HO 


♦ 


HQ 

and  it  can  readily  be  seen  that  if  each  molecule  of  the  chloride 
gives  up  a  molecule  of  HCl  and  an  atom  of  H^  we  shall  have 
the  two  halves  of  a  molecule  of  anthracene  as  represented 
above. 

2.  Anthracene  may  be  also  formed  by  passing  a  mixture  of 
benzol  and  styrol  (cinamene)  vapors  through  a  red-hot  tube, 
and  the  same  graphic  symbol  gives  a  very  simple  account  of 
its  production. 

HO         HO 

ho\Sho^  ^HOH  H 

HO  H  H-O^^HO 

X    B«iiaoL        H 

HO         HO 

♦       , 

HO 

This  synthesis  was  observed  by  Berthelot^  who  also  obtained 
anthracene  under  similar  conditions  from  toluol  and  also  from 
a  mixture  of  benzol  and  ethylene.  Both  processes  admit  of  a 
similar  simple  explanation  based  on  the  above  formula.  In 
the  last  case  the  chief  product  is  styrol,  which  probably  pre- 
cedes the  formation  of  anthracene. 

The  three  hydrocarbons,  benzol,  naphthaline,  and  anthra- 
cene, form  a  well-defined  series,  whose  successive  members 
differ  from  each  other,  not,  as  in  the  alcohol  family,  by  CH^  but 


/ 
566  CHBTSENE  AND  PYBENE.  [§501. 

by  C^Hf,  and  to  this  oorrespond^  a  difference  of  about  140^  in 
the  boiling-points. 

Ci^        Diff.         (7,0^8        ^^         (^iPvt 
B.  P.   80^         136**         216*         144^  ^W 

Apart  from  similar  differences  which  the  gradations  in  the 
series  necessarily  determine,  these  bodies  strikingly  resemble 
each  other  both  in  their  physical  and  chemical  qualities.  The 
last  point  has  been  illustrated  in  this  chapter  so  &r  as  regards 
the  formation  of  the  quinone  derivatives,  and  the  impression 
produced  by  the  facts  here  presentedVould  be  strengthened  by 
a  further  study  of  the  subject.  All  this  of  course  indicates  a 
similarity  in  the  molecular  structure  of  these  bodies,  and  the 
cumulative  evidence  in  favor  of  the  theory  here  adopted  is 
therefore  much  greater  than  that  which  can  be  obtained  in  re- 
gard to  either  of  the  substances  separately. 

501.  Chrysene  and  Pyrene^  —  Since  the  identification  of 
anthraquinone  it  has  been  discovered  that  two  other  hydrocar- 
bons associated  with  naphthaline  and  anthracene,  among  the 
least  volatile  of  the  products  of  the  distillation  of  coal-tar, 
were  capable  of  yielding  derivatives  belonging  to  the  class  of 
quinones.  The  names  chrysene  and  pyrene  were  given  by 
Laurent  to  impure  products,  and  it  is  only  very  recently  that 
these  bodies  have  been  isolated  and  their  composition  aoco- 
rately  determined.^  Chrysene,  C^i^  makes  evidently  the 
fourth  term  of  the  naphthaline  series,  differing  from  anthracene 
hy  O^ffi,  and  its  molecule  may  be  CH-CH 

regarded  as   formed  from  that  of  ♦  ♦ 

anthracene    by    the     addition   of  ^  * 

another     phenyl     nucleus,    thus:  C*  G 

Pyrene,   Cia^o,  although  not  be-         CH-Q  OCH 

longing  to  the  same  series,  appears  qwj  * C-  C^  *0H 

to  be    similarly   constituted,   and       ^   wx.    a        ^  ' 

may  be  regarded  as   phenylene-        CI^CH        CH-CH 
naphthaline  (  C^JS^^i^  CJl^.     Chryso-quinone,  Cyjf^  O,],  has 
the  chief  characteristics  of  a  true  quinone,  but  in  pyrene-qui- 
none,  C^JI^  O^y  the  characters  are  less  strongly  marked. 

^  Qraeb«  und  Liebermann,  Ann.  Ghem.  and  Pluurin.,  CL VUL,  S86  sad  tM. 
JiUM,  1871. 
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Skotricol  J/haiuremenU. 

502.  Fundamental  Laws.  —  The  following  fonnal»  express 
the  most  important  properties  of  electrical  currents :  — 

(I.)  O^F^.  (8.)  C=^.  (8.)Q=a  (4,)  Tr«=  C/Jf.  (5.)  W^QE. 

The  first  defines  strength  of  current  as  a  magnitude  propor- 
tional to  the  force  which  it  exerts  on  a  magnetic  pole  under 
constant  conditions.  These  conditions  are  the  strength  of  polOi 
tHi  the  length  of  the  oonduotor,  l^  —  assumed,  as  in  the  com- 
nion  form  of  galvanometer,  to  be  bent  in  a  circle  around  the 
pob,  — f  and  the  radius  of  this  circle,  K,  The  unit  of  force  is 
that  force  which  imparts  to  one  gramme  of  matter  the  velocity 
of  one  metre  in  one  second,  and  the  unit  pole  that  pole  which 
at  a  distance  of  one  metre  repels  a  similar  and  equal  pole  with 
the  unit  force. 

The  second  is  Ohm's  formula  (88),  and  expresses  the  prin- 
ciple, which  can  be  readily  demonstrated  experimentally,  that 
the  strength  of  current,  as  defined  by  (1),  is  directly  propor- 
tional to  the  electromotive  force  of  the  given  circuit,  and  in- 
versely proportional  to  the  resistance  of  the  circuit.  It  also 
involves  the  still  further  truth  that  in  different  parte  of  the 
ecane  circuit,  where  the  strength  of  current  is  necessarily  thq 
same  (88),  the  difierence  of  tension  or  potential  ^  between  any 
two  points  is  always  proportional  to  the  resistance  between 
these  points* 

The  third  expresses  a  truth  first  verified  experimentally  by 

1  The  inflnonce  of  the  eloctromotive  force  extends  throughout  the  circuit, 
oausiog  at  every  cross  section  of  the  conductor  what  we  may  call  an  dectrical 
preuurt,  wliich  regulates  the  flow  of  the  electrical  current.  This  pressure  is 
greatest  at  the  surface  of  the  active  plate  where  the  power  originates,  and 
diminishes  as  we  proceed  round  the  circuit  in  either  direction.  At  aoniQ 
intermediate  section  where  the  opposite  currents  neutralise  each  other  the 
pressure  is  zero,  and  as  we  move  back  from  this  neutral  point  against  the  neg- 
ative current  we  encounter  an  ever-increasing  **  negative  "  pressure,  while  in 
the  opposite  direction  we  meet  an  ever-i-^oreasing  ** positive*'  pressure. 
What  we  hare  call  electrical  pressure  is  called  above  tension  or  potential,  and 
without  attempting  to  give  a  theoretical  conception  of  its  nature,  it  is  suffi- 
cient to  say  that  it  is  a  force  measured  at  any  point  of  the  circuit  by  the  ten- 
dbney  of  the  current  to  leav>e  the  oooductor.  Ohm*s  formula  holds  not  only 
for  the  whole  circuit,  but  also  for  any  part  of  it;  but  in  such  caaee  Zstandii 
not  for  the  whole  electromotive  force,  but  for  the  diffiNTCaoe  of  taqsiion  between 
ttic  two  ends  of  the  poftton  nnder  conaidantioii. 
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Faraday,  that  the  qmuititj  of  electricity  which  passes  any 
point  of  a  circuit,  as  measured  by  the  amount  of  electitdyiifli 
is  proportional  to  the  strength  of  the  current  and  the  time  dur- 
ing which  it  flows. 

The  fourth  expresses  an  important  law,  first  demonstrated 
experimentally  by  Joule,  that  the  work  done  by  a  current 
(e.  g.  the  quantity  of  heat  generated)  is  proportional  to  the 
square  of  the  current,  to  the  time  during  which  it  acts,  and  to 
the  resistance  which  it  encounters.  It  should  be  remembered 
in  this  connection  that  the  unit  of  force  acting  through  one 
metre  does  the  unit  of  work ;  that  the  force  of  graTity  acting 
on  one  gramme  of  matter  through  one  metre  does  9.8  units  of 
Woi'k,  equal  to  one  metre-gramme,  and  that  the  unit  of  heat 
(12)  is  equivalent  to  4157.25  units  of  work  or  423.8  metre* 
grammes. 

The  fiflh  is  involved  in  the  previous  three,  from  which  it  is 
readily  deduced,  and  expresses  the  fact  that  the  work  done  io 
any  portion  of  the  circuit  is  proportional  to  the  quantity  of 
electricity  which  passes  over  it  and  to  the  difference  of  ten- 
sion between  the  two  ends. 

503.  Kirchhoff^s Lawi.  —  The  following  propositions  maybe 
deduced  from  the  general  theory  of  electrical  currents :  — 

1.  The  sum  of  the  currents  which  approach  any  point  is  of- 
%Days  equal  to  those  which  recede  from  it 

Or,  if  we  distinguish  the  first  by  a  plus  and  the  second  by  i 
negative  sign,  we  may  say  more  generally :  — 

The  sum  of  all  the  currents  which  meet  at  a  paint  is  equal  to 
zero, 

2.  On  any  continuous  line  of  conductors  the  sum  oftheprfh 
ducts  of  the  resistances  of  the  several  parts  by  the  strength  oftks 
current  in  each  part  is  equal  to  the  sum  of  the  electromotivs 
forces  included  in  the  same  closed  circuit 

The  last  proposition  holds  true  of  every  circuit  which  may 
be  traced  in  any  system  of  conductors  and  batteries,  however 
complicated  the  maze ;  only  currents  flowing  in  opposite  dire^ 
tions,  with  reference  to  the  given  circuit,  must  be  distinguished 
by  opposite  signs.  Moreover,  the  sum  is  equal  to  aero  when 
there  b  no  electromotive  force  on  the  line  of  coodoctors  onder 
consideration. 

504.  JEUctrical  Vhits,^^In  the  foUowing  problems  the  val- 
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nes  Cy  Rj  or  r  and  E  of  Ohm's  formula  are  assumed  to  be 
measured  in  terms  of  the  following  units :  First,  the  unit  of 
current  is  that  which  would  produce,  by  the  electrolysis  of  wa- 
ter, 1  c.  m.*  of  hydrogen  and  oxygen  gas  (measured  under 
standard  conditions)  in  one  minute.  Secondly,  the  unit  ofrc' 
sistance  is  that  offered  by  a  pure  silver  or  copper  wire  1  m. 
long,  and  1  m.  m.  in  diameter  at  0**.  Lastly,  the  unit  of  elec- 
tromotive  force  is  that  which  transmits  a  unit  current  against  a 
unit  resistance  in  a  unit  of  time. 

By  means  of  the  magnetic  and  thermal  relations  given  by 
(1)  and  (4)  above,  it  is  possible  to  express  the  values  of  the 
three  elements  of  an  electrical  current  in  terms  of  the  funda* 
mental  units  of  space,  weight  and  time,  the  metre,  the  gramme, 
and  the  second.  The  following  formulse  in  which  L  =  length, 
M=  mass  or  weight,  and  T  =  time,  are  easily  deduced,  in- 
volving  only  simple  mechanical  principles  :  — 

Velocity  =  F'=  =%. 

MV       ML 


Force  =  jP= 


2»   —  j^  • 
ML* 


Work  =  W=  FL  =  -^. 

«r    ,   .  MI}       1 

Work  m  metre-grammes  = -^.     -. 

Strength  of  pole  *  =  m  =     ^    . 

Strength  of  current  *  =  (7=  — =?— . 
Quantity  of  electricity  •=Q=.CT=  Lijifi. 
Electro-motive  force  =  ^  =  -^  =  -  —^  , 

Resistance  =  i2=^=:=,=  K 

The  values  of  C,  R,  and  JS,  when  the  several  factors  in  the  for- 
mulae expressing  their  values  are  each  taken  equal  to  unity, 
are  called  the  electromagnetic  units.    Thus  the  unit  of  resist- 

1  This  value  is  readily  obtained  by  considering  that  the  force  exerted 

between  the  two  poles  must  be  F  «  -^  ^^  ^  when  the  two  poles  are 

equal.    Hence,  m^  D)/F, 
>  Beadily  derived  from  value  of  C(  (1). 
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ance  is  a  relocity  of  one  metre  a  second,^  Tbote  aheelote 
units,  however,  are  of  ao  order  of  magnitude  wbieh  ia  uiieoiU 
able  for  ordinary  measoremente,  but  tbe  following  yary  aoMiU 
multiples  or  submultiples  may  be  used  to  adyantage :  -^ 

For  B  the  Ohm  equal  to  10^  aboolate  units  of 

"  "    »♦  Megohm  *• 

••  "    "  Microhm  " 

««  ^  "  Volt  " 

••  "    "  MegEwlt  •* 

••  "    »*  Microvolt  " 

•*  C  "  Farad  " 

»'  "    *♦  Megafkrad  »* 

*•  "    '♦  Microfarad  •• 

The  unit  current  is  a  current  of  one  Farad  a  second. 

A  pure  copper  or  silver  wire  1  m.  m.  in  diameter  and  48.01 
metres  long  has  a  resistance  of  one  Ohm  at  65^  P^  and  the 
Committee  of  the  British  Association  on  Electrical  Standards 
have  carefully  constructed  a  standard  Ohm  of  which  copies  are 
readily  accessible.  Further,  we  have  a  closely  approximate 
standard  of  electromotive  force  in  the  DanieU*s  cell,  which,  ac- 
cording to  Sir  W.  Thompson,  is  equal  to  1.079  VoUa,  or  1 
Yolt  =  0.9268  of  force  of  DanieU's  cell.  One  Volt  equals 
about  500.6  of  the  old  units,  and  a  earrent  of  ona  Megafkrad 
per  second  will  yield  during  one  minute  by  the  electrolysis  of 
water  10.3  cm.*  of  gas  very  nearly. 

The  admirable  instruments  now  constructed  for  the  purpose 
enable  us  to  use  the  B.  A.  units,  as  they  are  called,  with  great 
facility,  but  in  solving  the  following  problems  the  older  system 
will  be  found  more  convenient  The  student,  however,  should 
familiarize  himself  with  both  ;  but  he  should  bear  in  mind  that 
values  in  Ohm's  Volts  and  Farads  must  be  reduced  to  absolute 
units  before  they  can  be  substituted  for  C,  B,  or  E  in  Ohm's 
formula. 

Questions  and  Problems. 

1.  What  resistance  does  the  current  suffer  In  an  iron  wire  50  me- 
tres long  and  5  m.  m.  diameter?    Sp.  B.  of  iron  7. 

Ana.  14Qnita. 

9.  Assunung  that  the  Sp.  R.  of  copper  is  1.8  and  that  of  iraa  7, 
what  most  be  the  diameter  of  an  iron  wire  iHiich  will  oppoee  i» 
greater  resistance  to  the  current  than  a  copper  wire  of  S  m.  m.  diaoH 
«*er  ?  Ans.  4.64  m.  m. 

1  For  the  interpretation  of  this  remarkable  analytical  resnU  see  pfinrrMst 
hv  the  anther  on  Abeolnte  System  of  Electrical  Measnmneiiti*  *~" 
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3.  It  is  found  by  experiment  tiiat  n  wire  of  Gfepfnan  nlvef,  7.201 
m*  long  and  1.5  m.  m.  dianieter«  opposes  the  san^  resistance  to  the 
current  as  a  wire  of  pure  silver  10  m-  long  and  -^  iii,  m.  diameter. 
What  is  the  Sp.  R.  of  (xerman  silver.  Ans.  12.5. 

4.  It  is  required  to  make  with  182.8  grammes  of  pure  silver,  a 
wire  which  will  offer  a  resistance  of  81  units.  What  must  be  its 
length  and  diameter  ?    i^p.  Gr,  of  silver  ••  10.57. 

Solution.    Repn>senting  by  x  the  length  in  metres^  and  by  y  the 

TIT 

diameter  in  miUimetres,  we  deduce  by  [1]  y*ap  --  10.57  »■  132.8  and 
by  the  laws  of  conduction  ^  ss  81.  Whence  x  »■  36  m.  and  y  ■« 
■|  m.  m. 

5.  What  is  the  length  and  diameter  of  an  iron  wire  weighing 
97.38  grammes,  which  offers  a  resistanco  of  9,072  units  ?  It  is  known 
that  the  Sp,  Gr,  of  the  iron  =*  7.75  and  its  Sp.  R.  ».  7. 

Ans.  Length,  144  m.     Diameter,  ^  mr  pu 

6.  From  a  given  wire  there  are  four  branches,  of  which  the  re- 
sistance is  respectively  10,  20,  30,  and  40.  Required  the  total 
resistance  when  the  current  passes  simultaneously  through  the  four 
branches. 

Solution.  The  resistance  in  the  first  branch  may  be  represented 
by  a  normal  silver  wire  10  m.  long  and  1  m.  m.  diameter.  If  w& 
call  the  area  of  a  transverse  section  of  this  wire  «,  then  the  resist-^ 
ance  in  the  other  three  branches  will  be  represented  by  normal  wires, 
of  the  same  length,  but  having  on  the  cross  sections  the  areas  If, 
^s  and  \8  respectively.  If  next  we  conceive  of  these  wires  aa 
merged  in  one,  having  the  common  length  10  m.  and  an  area  on  tJi» 
section  equal  to  (i  -}-  ^  +  J  +  ^)  «,  it  is  evident  that  such  a  wire 
will  represent  the  resistance  required.    Hence  we  eaaly  deduce, 

Ans.  4.8. 

7.  A  closed  circuit  has  two  branches  through  which  the  current 
passes  simultaneously.  In  one  branch  r  ->  100.  What  length  of 
copper  wire  5  m.  m.  diameter  must  be  used  for  the  other  thai  the 
total  r  =-  50  ?  Ans.  2,500  metres. 

8.  A  conductor  has  two  branches,  one  having  r  ss  756,  the  other 
so  adjusted  that  when  the  current  passes  at  the  same  time  through 
both,  the  total  resistance  equals  540.  Re(]uired  the  length  of  a  Ger- 
man silver  wire  ^  m.  m.  diameter  and  Sp.  R.  «=  12;5,  which,  when 
inserted  in  the  adjusted  branch,  will  increase  the  toto/  resistance  to  680. 

Solution.  By  principle  of  last  prqf^Iem  we  easily  find  that  the 
leiistance  in  the  adjusted  branch  before  insertion  equals  1,890,  and 
after  insertion,  8,780.  The  difference  between  these  values,  1,890, 
is  the  resistance  due  to.  the  inserted  wire.  JQUnce  ilis  length  ^p^  be 
87.8  metres. 
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9.  We  have  a  batterj  of  nx  Danielk  celU,  in  each  of  which 
^  as  475,  /2  as  15,  and  the  external  resistance  against  which  the 
battery  is  to  work,  r  -^  10.  The  ceils  may  be  arranged,  Ist,  as  six 
single  elements ;  2d,  as  three  double  elements ; '  Sd,  as  two  three-ibid 
elements ;  4th,  as  one  six-fold  element  Required  the  current  strength 
in  each  case.  Ans.  28.5,  43.8, 47J^  and  88.0  respectiyely. 

10.  We  have  a  batterj.of  twelve  Grove  cells,  in  each  of  which 
E  a»  830,  and  R  sb18,  to  work  against  an  external  resistance  of 
r  SB  24.  Required  the  strength  of  current  when  the  celb  are  ar- 
ranged, 1st,  as  twelve  single ;  2d,  as  six  two-fold  ;  3d,  as  four  three- 
fold; 4th,  as  three  four-fold ;  5th,  as  two  six-fold,  and  6th,  as  one 
twelve-fold  element 

Ans.  41.5,  63.8,  69.2,  66.4,  55.8,  and  32.5  respectively. 

• 

11.  With  a  single  cell,  where  ^  and /2  have  a  constant  value, 
what  is  the  maximum  streugth  of  current,  and  under  what  condi- 
tions would  it  be  obtained  ? 

E 
Ans.  1^,  when  the  external  resistance  b  nothing. 

12.  With  fi  cells  in  each  of  which  E  and  R  have  the  same  value, 
what  is  the  maximum  strength  of  current,  and  under  what  condi- 
tions would  it  be  obtained  ? 

E 
Ans.  fi  p ,  when  the  cells  are  arranged  as  one  n^ld  element^ 

and  work  against  no  external  resistance. 

13.  With  fi  celb  as  above,  working  against  a  given  external  reMt- 
ance  r,  how  should  they  be  arranged  so  as  to  obtain  the  maximni 
value  of  C  f 

Ajos.  So  as  to  make  the  internal  resistance  equal  to  that  of  the 
external  circuit. 

Solution.  If  X  represents  the  number  of  compound  elements  fonned 
with  the  n  celb  when  C  in  Ohm's  formula  b  a  maximom,  we  should 
evidently  have  under  thb  condition  x  compound  elements,  each 

formed  of  -  celb.    Hie  electromotive  force  of  such  an  arrangement 

would  be  a; ^.    The  internal  resbtance  would  be  xR-^-^mm  —R 

(compare  problems  8  and  9),  and  the  strength  of  the  "^fir*"— 
current  required, 

^R  +  r 
fi       ' 

«  By  doable  elements  b  meant  a  group  of  tiro  oelb  coupled  for  quantity 
(§89)  and  equivalent  to  a  brge  cell  having  plates  of  twice  the  slae.  Six 
double  elements  are  six  such  groups  arranged  for  intensity,  and  the  othsr 
terms  have  a  similar  meaning. 
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The  first  difierential  coefficient  of  this  fuDctbn  of  x  when  C  is  a 
mayimnin  must  be  equal  to  zero.    Hence, 


("^  R+r)E'-2-RE 

\n       ^     J n  ^ 

7^ \i —  ^ 


or  r=  -  S. 

n 

That  is,  the  strength  of  the  current  is  at  its  maximum  when  the  in- 
ternal equals  the  external  redstance,  as  stated  above.  Those  who 
are  not  familiar  with  the  elementary  principles  of  the  differential 
calculus  may  satisfy  themselves  of  the  truth  of  this  result  by  com- 
paring the  answers  obtained  to  problems  8  and  9. 

14.  We  have,  in  the  first  place,  for  a  single  cell  of  a  given  combi- 
nation  working  against  a  feeble  resistance,  the  value  C  »>  |^  ; 
in  the  second  place,  for  n  cells  of  the  same  combination  working 
against  n  times  the  resbtance,  the  identical  value  C^s  -  — .  In 
**  strength  **  the  two  currents  are  equal,  but  are  they  identical  ? 

15.  In  a  given  cell  E  -^  475 ;  R^^lh.  The  current  passes 
through  SO  metres  pure  copper  wire  2  m.  m.  diameter.  It  is  re- 
quired to  arrange  8  ceils  so  that  C  may  be  the  greatest  possible. 

Ans.  They  should  be  arranged  as  two  four-fold  elements. 

16.  We  have  a  battery  of  four  Bunsen  cells  {E  -»  800,  /2  -^  ^ 
each),  coupled  as  four  single  elements.  The  circuit  is  closed  through 
500  grammes  of  pure  copper  wire.  Required  the  greatest  strength 
of  current,  and  the  dimensions  of  the  wire*  that  this  maximum  may 
be  obtained. 

1 7.  A  simple  Voltaic  cell,  whose  electromotive  force  E  is  known, 
working  against  an  unknown  total  resistance  R'  (both  external  and 
internal),  produces  a  given  effect  upon  a  galvanometer.  Another 
cell  differently  constructed,  working  against  a  total  resistance  R'\ 
also  unknown,  produces  the  same  effect  upon  the  galvanometer.  It 
is  also  observed  that  a  measured  length  /  of  normal  copper  wire,  in- 
serted in  the  first  circuit,  produces  on  the  galvanometer  the  same 
difference  of  effect  as  a  length  T  inserted  in  the  second  circuit 
Required  the  electromotive  force  E*  of  the  second  celL 

Solution.  We  easily  deduce  firom  Ohm's  formula  the  two  equations 

Br  —  ]^  *od  ^^^  —  22""+"/"  "^^^^^  ^®  obtain,— 
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18.  In  order  to  det«nnine  the  electromotive  force  of  a  BmMil^ 
cell,  it  was  compared,  as  in  last  problem,  with  a  Daniell'k  cell  wfaoK 
electromotive  force  was  known  to  be  470.  After  adjusting  the  ex- 
ternal resistances  so  that  both  produced  the  sadie  effect  upon  the 
galvanometer,  it  was  found  that  the  insertion  of  5.6  m.  of  copper 
wire  into  the  first  circuit  caused  th^  same  change  in  the  instrument 
as  the  insertion  of  3.29  metres  of  the  same  wire  in  the  circuit  of  the 
Daniells  celL    What  was  the  electromotive  force  sought  ? 

Ans.  800. 

19.  A  battery  of  40  Bunsen's  cells  remains  closed  for  an  hour,  and 
during  that  time  furnishes  a  current  whose  strength  C  »■  SO.  How 
much  zinc  will  be  consumed  in  this  time,  assuming  that  there  is 
no  local  action  ? 

Solution.  Such  a  current  would  produce,  by  the  electroljrsis  of 
water,  30  cTm.'  of  gas  in  one  minute,  or  1.8  litres  in  one  hour.  Of 
this  gas  1.2  litres  or  1.2  triths  would  be  hydrogen.  The  themical 
equivalent  of  zinc  being  82.6^  the  amount  of  zinc  dissolved  in  each 
cell  must  be  1.2  X  32.6  ^^  39.12  criths,  and  in  the  forty  cells 
1564.8  criths,  equal  to  140  grammes,  the  answer  required. 

20.  In  an  electrotype  apparatus.  Fig.  85,  16.36  grammes  of  co|>- 
per  were  deposited  on  the  negative  mould  in  24  fabufs.  What  wib 
the  strength  of  current  ?  Ans.  6  units. 

21.  In  an  electrotype  apparatus  the  electromotive  force  of  tke 
single  cell  employed  is  420,  and  the  internal  resistance  5.  The  ex- 
ternal resistance,  including  decomposing  cell,  is  0.25.  How  much 
copper  will  be  deposited  on  the  negative  mould  in  one  hoor,  and 
how  much  zinc  will  be  dissolved  in  the  battery  during  the  same 
time  ?        Ans.  9.088  grammes  copper  and  ^.346  grammes  of  zinc 

22.  Thirty-two  Grove  cells  {E  »  830,  jR  »s  ^0  each)  are  con- 
nected as  4  eight-fold  compound  elements  and  the  current  employed 
to  work  an  electn>silvering  apparatus,  in  which  the  total  resistance 
external  to  the  battery  was  equivalent  to  10.  Required  the  number 
of  grammes  of  silver  deposited  each  hour,  and  the  number  pf  grammes 
of  zinc  dissolved  during  the  same  time  in  the  battery. 

Ans.  64.24  grammes  of  silver  and  77.56  grammes  of  zinc. 

23.  Assuming  that  the  external  resistance  cannot  be  chai^ed^ 
could  the  same  number  of  cells  of  the  battery  described  in  last 
problem  be  so  arranged  as  to  deposit  more  silver  in  the  same  time  ? 

Ans.  Hiey  could  not. 
Could  they  be  so  arranged  as  to  deposit  the  same  amount  of  silver 
with  less  expense  of  zinc  ?    What  would  be  the  roost  economical  ar- 
rangement, and  under  these  conditions  how  much  silver  would  be 
deposited  in  one  hour  and  bow  much  zinc  di8M>!ved  ? 

Answer  to  last  question,  30.25  grammes  silver,  and  9.13  grammes 
of  zinc 


ELEOTBIOAL  SELATIOKS  Of  THE  ATOUS. 


SG.  Whst  is  the  work  done  hy  a,  eorau  cf  t  Slqgaftnwii  per  tm- 

Ond  throDgh  •  resaUnee  bf  10  Ohmi? 

Ans.  W=^C^t  =  (5  X  10-*)'  X  10  X  1«^  a  «0,«»  nJb 
per  secood. 

S6.  What  ii  the  work  done  hy  oak  IfciiMwl  Pwwli  ik  ftlliac  fai 
tensioD  one  Tolt  T 

Aub.  H'=QE  =  1000X  lO"*  X  1<?=16W>X  ll)-*=lBiut 
of  work.    Heoce,  9,S00  Voltfkrada  equal  one  metregranuDe. 

27.  Wbat  would  be  the  aiuwen  to  PnAlem  10  in  B.  A.  units? 
Ainuniog  that  nine  tenths  of  the  external  reei«tauoe  is  in  a  coil  ot 
platinum  wire  surrounded  bj  a  kitogramme  of  water,  bow  high 
would  the  temperatme  of  the  water  be  raited  in  ten  minutea  7 

28.  Assuming  that  in  the  aptem 
of  ooniluctora  represented  in  Fig.  3,  I 
E  reiH«tenl8  the  electromotive  force  I 
of  the  voltaic  element,  S  the  total  I 
renstanee  of  the  main  conductor  a  E 
b,  £,  and  £,  the  reaiatancea  of  the 
two  conductora  into  which  tbe  main  | 
■tream  divides,  Ged  the  values  of  the 
three  cotresponding  currents  C,  C„  and  C,  in  tenns  of  £,  R,  R,, 
ftnd  Rr    Prove  also  that  C,:C,  =  R,:  R,,  and  further,  that 

C,  =  Cr, — '—rr  or  C,  =  C„  T*  „■    Lastlv,  show  that  the  equiva- 

'h  +  Ht  ",  +  "i 

lent  resistance  of  any  number  of  branches  may  be  found  by  adding 
leather  the  reciprocals  of  each  branch  and  taking  Ihe  reciproc^  <^ 

this  sum.     A  conductor  like  /{,,   

which  diverts  a  portion  of  tbe  n 
cnrrent  from  it,,  is  called  a  diunt,  I 
and  if  A,  is  the  coil  of  a  ga 
nometer  the  galvanometer  wonlct  I 
be  said  to  be  shunted  b;  R„  anil  f 
bj  adjusting  the  value  of  R,  to  if,  I 
we  can  cause  a  known  fraction  of  I 
the  whole  current  to  pass  tbnmgh  f 
die  instrument. 

29.  In  the  system  of  conductors  represented  in  Fig.  i,  called 
Wheatalone's  bridge,  no  current  passes  over  the  bridge  between  e 
and  d  when  A,  :  £,  =  i^  :  A,.    Prove  tbe  truth  of  this  proposition, 


574  XLEOTBIOAL  RELATIONS  OF  THE  ATOMS. 

18.  In  ord<3r  to  determine  the  electromotiTe  Ibroe  of  a  Bmurt 
cell,  it  was  compared,  as  in  last  problem,  with  m  Daniellli  cell  whan 
electromotive  force  was  known  to  be  470.  After  adjusting  the  ex- 
ternal resistances  so  that  both  produced  the  same  effect  upon  the 
galvanometer,  it  was  found  that  the  insertion  of  5.6  m.  of  copper 
wire  into  the  first  circnit  caused  the  siime  change  in  the  instrument 
as  the  insertion  of  3.29  metres  of  the  same  wire  in  the  circuit  of  the 
Daniells  celL    What  was  the  electromotive  force  sought  ? 

Ans.  800. 

19.  A  batteiy  of  40  Bnnsen's  cells  remains  closed  fi>r  an  hour,  and 
during  that  time  furnishes  a  current  whose  strength  C  ■«  SO.  How 
much  zinc  will  be  consumed  in  this  time,  assuming  that  there  is 
no  local  action  ? 

Solution.  Such  a  current  would  produce,  by  the  electroljrsb  of 
water,  30  cTm.'  of  gas  in  one  minute,  or  1.8  litres  in  one  hour.  Ot 
this  gas  1.2  litres  or  1.^  triths  would  be  hydrogen.  The  thenical 
equivalent  of  zinc  being  82.6^  the  amount  of  zinc  dissolved  in  each 
cell  must  be  1.2  X  32.6  ^s  39.12  criths,  and  in  the  forty  cells 
1564.8  criths,  equal  to  140  grammes,  the  answer  required. 

20.  In  an  electrotype  apparatus,  Fig.  85,  16.36  grammes  of  co|>- 
per  were  deposited  on  the  hegative  moold  in  24  fatmliB.  What  wil 
the  strength  of  current  ?  Ans.  6  unHs. 

21.  In  an  electrotype  apparatus  the  electromotive  ftrce  of  tit 
single  cell  employed  is  420,  and  the  internal  resistance  5.  The  ex- 
ternal resistance,  including  decomposing  cell,  is  0.25.  How  much 
copper  will  be  deposited  on  the  negative  mould  in  one  hour,  and 
how  much  zinc  will  be  dissolved  in  the  battery  during  the  same 
time  ?        Ans.  9.088  grammes  copper  and  d.346  grammes  of  zinc 

22.  Thirty-two  Grove  cells  {E  «  830,  i2  •-*  ^  each)  are  con- 
nected as  4  eight-fold  compound  elements  and  the  current  employed 
to  work  an  electro-silvering  apparatus,  in  which  the  total  resistance 
external  to  the  battery  was  equivalent  to  10.  Required  the  number 
of  grammes  of  silver  deposited  each  hour,  and  the  number  pf  grammes 
of  zinc  dissolved  during  the  same  time  in  the  Wtery. 

Ans.  64.24  granmies  of  silver  and  77.56  grammes  of  zinc. 

23.  Assuming  that  the  external  resistance  cannot  be  chai^;ed^ 
could  the  same  number  of  cells  of  the  battery  described  in  last 
problem  be  so  arranged  as  to  deposit  more  silver  in  the  same  time  ? 

Ans.  They  could  not 
Could  they  be  so  arranged  as  to  deposit  the  same  amount  of  sflver 
with  less  expense  of  zinc  ?    What  would  be  the  most  economical  ar- 
rangement, and  under  these  conditions  how  much  silver  wooM  be 
deposited  in  one  hour  and  how  much  zinc  dissolved  ? 

Answer  to  last  question,  30.25  grammes  silver,  and  9.13  grammes 
of  zinc. 
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25.  What  JB  the  wnt  done  by  fc  ciatl  rf  >  MtogiftriJi  pw  m 

ond  through  •  resiaUnee  tf  10  OhmiT 

Ana.  W  =  C^(  =  (6  X  lO"*)'  X  10  X  !•»  =  UOfiM  mly 
per  second. 

86.  Wbu  i>  the  work  done  hj  on*  AnMMi  Fuadi  !■  UliDg  b 
tenaiaii  one  Tolt  ? 

Amu  I»'=QE=10I»X  lO-'X  lO'  =  l()0(l  X  1(H=1  anit 
of  work.    Hence,  9,800  VoltTarads  equal  one  metregmnine. 

87.  What  woald  be  the  aotwera  to  Problem  10  in  B.  A.  auita  ? 
Aisuming  that  nine  tenths  of  the  external  resiBtance  is  in  a  coil  of 
platinum  wire  surrounded  hy  a  kilogramme  of  water,  how  h^ 
would  the  tempentnre  of  the  water  be  raised  in  tea  miuuica  ? 

SS.  Assuming  that  in  the  system 
of  oonductors  represented  in  Fig.  3,  | 
E  reivesentfl  the  electromotire  force  I 
of  the  voltaic  element,  S  the  total  | 
renstance  of  the  main  conductor  a 
bf  £|  and  R,  the  resistances  of  the  I 
two  conductors  into  which  the  it 
atreau  divides,  find  the  value*  of  the 
three  oorresponding  currents  C,  C„  and  C,  in  temiB  of  E,  R,  Rp 
and  R^    Prove  also  that  C, :  C,  =  if,  ;  if,,  and  further,  that 

Ci  =  Cs--  „  or  C,  =  C-^  „■     Lastly,  show  that  the  equlva- 

«i  +  Hi  «i  +  "t 

lent  resistance  of  any  number  of  branches  may  be  feund  by  adding 
together  tlie  reciprocals  of  each  branch  and  taking  (he  reciprocal  <^ 

this  sum.     A  conductor  like  fl„    

which  diverts  a  portion  of  the  n 
Ciurent  from  if,,  is  called  a  shunt.  | 
and  if  it,  is  the  coil  of  a  galva- 
oometer  the  galvanometer  would 
be  said  to  be  shunted  by  Rj,  and 
by  adjusting  the  value  of  if,  to  fi,  I 
we  can  cause  a  known  fraction  of  I 
the  whole  current  to  pass  through  \ 
the  ini 


29.  In  the  system  of  conductors  represented  in  Fig.  4,  called 
Wheatsione's  fnidge,  no  curront  passes  over  the  bridge  between  c 
aad d  when R^  :  R,^  R^  :  R^    Prove  the  tmih  ctf  this  propositioii, 
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Hydroyen 

Fluorine 
Chlorine 
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Iodine 


Lithium 

Sodium 

Potassium 

Rubidium 

Ccesium 


Silver 

Thallium 

Gold" 
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Nitrogen 

Phosphorus 
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Uranium 


Coiumbium 
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£9 
IS 


1.0 

19.0 
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Cerium 
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55.0 
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Mgf 
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MitocalH 

riuS^ 
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Air 
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M.M 
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HTd»c» 

H-a 

0.0008 

1.00 

0.0000 
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C^,0-H 

I.&8Z 

22.10 

22.00 

AcKjIk  ChloiMi 
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41,42 

80.2e 

IJMB 

Aotlc  Anhjdrlds 

(C,H,0),^0 

1.7078 

AetUcAcId 
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2.063 

80.07 

80-00 

1.1771 

iAJjlOt 

B-St 

184.W 

188.90 

2,12(8 

Alumlnlc  Bmnlda 

[AJ,n», 

18  .ra 

2»t.7U 

2S7.40 

2.42T2 

AluKlolc  loild* 

[^Hi, 

27. 

SS8.OT 

406.40 

2.6111 

«itt. 

7.8 

114.20 

ijwn 

(CiHiMSS 

7.M 

104.40 

104,60 

2.01M 

Amnio 

a.4ah 

10,8 

163.00 

160.00 

11781 

H,^A, 

39.00 

l.»ll 

iC,H^),^M 

t.2» 

70.36 

81,00 

1.9086 

K^odfL 

{CH,),An.CHt)^> 

102  iiO 

And, 

fi.8 

90,76 

1.8678 

Anemoui  tcdUe 

A..;: 

232.40 

22S.CO 

2.86;» 

K-^a, 

11.3U 

168.90 

1M.26 

2.im 

Boric  UtttaJd* 

(CH,),;B 

1.981 

27.90 

28.00 

1.4473 

BorieBIHlila 

{QH-j|,iB 
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LOGARITHMS  OF  MUMBEKS. 
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9.5028 
0.1049 
1.0992 
8.9008 
9.5038 


{n    — :    8.1416)  0.4971 

{n    —    8.1416)  0.4971 

(^    ».    0.7854)  9.8951 

(i—    0.0796)  8.9008 

{JLn  «  12.5664)  1.0992 

(tt    a-    8.1416)  0.4971 

(i    «    0.3188)  9.5028      0.4971 

4.1888)  0.6221       9.3779 

0.5286)  9.7190      0.2810 

(^-.    0.0169)  8.2275       1.7724 

Weight  of  one  litre  of  Hydrogen  (0.0896  grammes)  8.9522      1.0478 

M       «     «      u     u^ip  (1.298  «*       )  0.1116      9.8884 

«       M    «      tt     u    «  (14.43     criths    )  1.1594      8.8406 

Per  cent  of  Oxygen  in  air  by  weight    (0.2318)        9.3651      0.6349 

"      "     "Nitrogen"   «    «       «*         (0.7682)        9.8855      0.1145 

Mean  height  of  Barometer  (76  c.  m.)        1.8808      8.1192 

Coefficient  of  expansion  of  Air  (0.00366)        7.5685      2.4365 

Latent  Heat  of  Water  (79)        1.8976      8.1024 

«         «      "  Free  Steam  (537)        2.7800      7.2700 

To  reduce  0p.(5t.  ^  ^P*  (^m  or  reTerse,  add  to  log.  1.1 594  or  8.^06 

«       "     Sp.  Gr.   to5p.C7r., «       «         "    "  "      5.9522  or  4.0478 

**        "      0p.®r.  to  5/).  GV.,  «       "         «*    "  «      7.1116  or  2.8884 

<«       M     grammes  to  critha,  »«       «         *«    "  «     1.0478  or  8.9522 
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Acet%mide,24d.— 245. 

Acetic  Acid,  74,  488,  490.  —618. 

*'     Anhydride,  493. 

"*     £ther,  492.  —  61, 480. 
Acetine,  517. 
Aceto-lactio  Acid,  510. 
Acetone,  495. 
Aoetonyl,  484. 
Acetyl,  73, 484. 

•♦      Chloride,— 57,496. 
Acetylene  Series,  477.  480. 
Acidity  of  Bases,  94. 
Acid.4,  Definition  of,  83. 
Acid  Radical)*,  83. 

"    Saltn,  87. 
Aconltic  Acid,  518. 
Acrolein,  498. 
Acryi,  484. 
Acrylic  Acid,  498. 

'*       Series,  498 

**         "       Secondary  Acids,  499. 

'*         "       Tertiary  Adds,  600. 
Adhesion,  12,  87. 
Adipio  Acid,  512. 
Agalmatolito,  410. 
Agate,  445 
Alaba«t«r,  ^12. 
Allbite,  4()9. 
Albumen,  524. 

Alcohol,  90,  485,  487.  —  88.  77,  868,  456, 
491.  492,  509, 612. 

"        Diglyceric,ol7. 

"        I»o,  496. 

"        Pseuio.  486.  496. 

'•        Radical,  78 

*•        Secondary,  496. 

*»        Tertiary,  497. 

•»        Tetratomic,  519. 

'•        Triatomic,  515. 

"        Triglyceric,  517. 
Aldehyde,  487\  494.  -  509. 
Alkali,  Definition  of,  81. 

"      Fixed,  247. 

••      VolaUle,  247. 
Alkaline  Sulphide!*,  312. 

Sulphohydnites,  812. 
AUotropi^m,  133.  -  251, 802, 806, 460. 
Allyl,  78,  4i7,  481. 
Ally  lie  Alcohol,  497. 

^»      Iodide,  —  481,  497. 

"      Cyanide.— 500. 
Allylene.  477. 
Altaite,  321. 

Alums,  319,  376. 400, 400, 413. 
Alnmlnatee,  414. 
Alominic  Acetate,  418. 

**       Chloride,  414, 415. 
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Alominic  Hydrate,  408,  414. 

"        Nitrate,  414. 

"        Oxide,  415. 

"        Sulphate,  409,  418,  414. 

>*       Sulphide,  415. 
Alominite,  4<^. 
Aluminum,  408.  —  412. 
Bronse,  411. 
Alum-stone,  409. 
Alunito,  4U9. 
Alunogen,  409. 
Amethyst,  445. 
Amides,  248. 
Amidogen,  39, 248. 
Amines,  242. 

Ammonia,  82, 240.  —86,88,82,288,246,494. 
Ammonic  Carbonates,  248.  —  246, 841. 

"        Chloride,247.  — 88,241. 

**        Dichromate,— 899. 

•*         Nitrate,— 289. 
Nitrite.  —238. 
Silico-fluoride,  452. 
Sulphohydrate,  812. 

"*        Sulphide,  811 ,812.-861. 
Ammonides,  242. 
Ammonio-cobalt  Bases,  869. 
Ammonio-inagnesic  Phosphate,  866. 
Ammonio-mauganoua  Salts,  874. 
Ammonio>platinous  Chloride,  427. 
Ammonio-pUtinic  Chloride.  426. 
Ammonio>platinum  Bases,  423. 
Ammonio-stannic  Chloride,  486. 
Ammonium,  82,  246. 

Alum,  409. 418. 

*'  Bases,  248. 

"  Compounds,  246. 

Ampere^sLaw,  It. 
Amygdaline.  5i22. 
AmylaceouM  Bodies,  62L 
Amylene,  477. 
Amyl,  72,  4«4. 
Amrlie  Alcohol,  486. 
''      Acetate,  492. 
••      Glycerine,  6ia 
"      Hydride,  477. 
*•      Ari.l  Sulphate,— 492; 
Amyloses,  521. 
Analcime.  410,  466,  467. 
Analysiit,  9. 

Analytical  Rev*tion,  86 
Anchoic  Acid,  512. 
Andalnsite,  4<>9. 
Andesine,  457. 
Angelic  Acid,  496. 
Anglesite,  846. 
Anhydrides  Acid,  86 
Basic.  82. 

ofOx|ymkAcldi,4ML 
Anhydrite,.  842. 
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AnIlIiM,  242, 482.  —  602. 

Animal  Kingdom,  ProTinoe  of,  626. 

Ankerlte,  878.  ^ 

AnnAberglte.866. 

Anorthite,  409. 456. 

Aatimooiate  or  Antiinonf,  270. 

Antimoak  Acid,  289. 

**        Anhydride,  130. 
**        Chloride,  S87. 
"        8alphochlorid0,  267. 
**        Sulphide,  276. 
Antimonloos  Bromide,  207. 

**  Chloride,  206.-268,270. 

Fluoride,  207. 
Hydrate, —6L 
Iodide,  267. 
Oxide,  267.  — 264. 
Sulphate,— 266. 
8ulphide,272.-264,206,8ia 
Antimoniuretted  UTdrosen,  270. 
Antimony,  264.  —  266, 996. 

Butter  of,  266.  ^, 

and  Alcohol  Radieals,  Tth 
**   Chlorine,  266. 
"    Hydrogen,  270. 
"    Oxygen,  267. 
*'    Sulphur.  272. 
••  Zhic,271. 
Glance,  264, 272. 
Oxvchlorideof,266. 
Antoaone,  804. 
Antosonidefl,  806. 
ApaUte.  291,  848. 
Apjohnite,  409. 
Aqua  Ammonia,  247. 

^'    Regia,  224. 
Arachidio  Acid,  488. 
Aragonite,840. 
Argentle  Bromide,  221. 
''       Chloride.  221. 
Iodide,  221. 

Nitrate,  220.  -  86, 88,  66, 288. 
Oxalate,  —  466. 
Oxide,  222.— 249. 
Peroxide,  222. 
Sulphate, — 64. 
Sulphite,- 816. 
Ai8enlc,257. 
"      Acid,  269. 

and  Alcohol  Radloalf,  261. 
"    Chlorine,  268. 
"    HvdrogeD,  200. 
"    Iodine,  268. 
**    Sulphur,  268. 
Anhydride,  260. 
Compounds  with  Bromine,  268. 
Arilnes,  261. 
Areenide  of  Tin,  —200. 
Amnious  Anhydride,  268.  —  257. 
"        Bromide  and  Iodide,  268. 
*'       Sulphide,  268. 
Arsenitei.  259. 

ArReniurotted  Hydrogen,  260. 
Artiad  Elements,  800. 
ArtiadJi,  Definition  of,  69. 
Ataramite,881. 
Atmosphere,  114. 
Atomicity,  65. 

••         ofAcidii,98. 
**        of  Kadieala,  08. 
Atomie  Ratio,  448. 
'*     Weight,  26, 28. 
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Atomie  Weighte,  Rriatiau  of. 
Atoms,  Definition  of,  24. 

N«gatlTe,168. 

PositiTe,  168. 

Quanti^alenc«  of,  60, 

Tme  Idea  of^O. 
Atom-fixing  Power,  67. 
AogiteTiM. 
Auiic  Salts,  224. 
Auriferonii  Quarts,  222. 
Aoroua  Salts,  224. 
Axinite,228. 
Aiiirite,880. 


Baric  Chloride,  844.  —  80L 

Hydrate,  846.— 82. 

Nitrate,  844. 

Oxide,d46  —  85. 

Peroxide,  846.  —  208. 

Sulphide. —846. 

Bario-platinic  Chloride,  42S. 

Bario-etanoous  Chloride,  486^ 

Barium,  844. 

Bases,  Definition  of,  80. 

Basic  Ferric  Hydrates,  T 

"    Radicals,  88. 
It    g|jt0  g7. 

Basicity  of  Acids,  98, 46i. 

Beauxite,  406. 

Behenic  Acid.  488. 

Benamide,  76, 248. 

Bensine,  4S2. 

Benaoie  Add,  601 .  iOfiL  ^  482. 

*'      Alcohol,  601. 

'*      Ether,  49a 
Bensoln  Oum,  608. 
Bensol,  477. 482.  —  285. 
Benaoyl,  608. 
Berthierite,  278. 
Beiyl,  868, 466. 
Berwlianite,  820. 


Bismuth,  276. 

"       and  Alcohol 
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Basic  Nitrate,  278. 
CompouDds  with  Omw,  27f 
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Glance,  276. 
Magistcry  of,  ai 
Oxychloride  of^27«. 
Bismnthic  Compounds,  277. 
Bismuthous  Compounds,  2i 
Black  BaU,  214. 
Blast  Furnace,  880. 
Bleaching,  20  <,  814. 

**         Powder,  841. 
Blende,  857. 
Bloom,  880. 
Bloomery  Forge,  880. 
Blue  PiU,  888. 
Blue  Vitriol.  829. 
Bog  Ore,  878. 
Boue  Black,  46a 
Borarite,  282. 
Borax,  29).  —  229. 
Boric  Acid,  2».  —  86 

"    Anhydride.  86, 

**     Bromide,  2§l. 

"     Chloride,  28L 

«<     Fluoride,  281. 
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CubouU,  840.  — SiL 
CbLorlds,  Ua 
ChromUc,  403. 

pinandt,M.— xn.ua. 
Hrdn».  S41.  — ta,  M,  na. 

HTpaaalphlla,  8U. 

Oul>la.  —  4S1. 

Fanu'ldB,  Sta. 
PnHUlpUdr,  S13. 
PhoophiW.StS.  — IN). 


C»lrLimi,  340. 
CftloDWI,  33(. 

OIOCUC  iDttlullT.  lis. 

'■     pnwrr,  iia,  ua. 
c*iM  eii(u.  ui. 

Gaprte  Acid,  4SS. 
C«pn>lc  Acld.Wg. 
Cupr/lte  Add,  4B8. 
Cmrbollo  Arid,  601 
Cuban,  4&g.-IU.MT. 
OKbmloArM.iaa. 


CBbonk  ChkaUt  —  iTB. 

"      Oifci.,4ea.-M>. 
"      Soiphliif.iag.— in. 

Cubotnl,^K3,481 


OwMlB  Add,  488. 

-      Al»hol,48«. 
C«nirita,US. 


Ch^joWcUbi.aia; 


CUII  Smtj^^fi. 

CUoUto, «(«.' 
ChloutUls,  865. 
ChhinoUle  Acld^. 


chi«iiu,30T.-kiB.ui,»s,aii,ae,4a 

471,498. 
"       Compoundl  wltli  Oone,  in. 

GfalDitto,  356,  410. 

ir^S8,67 


CohoikiiuU.  —  ST. 
Cokotlur.  888.     * 


CudB. 

m  Silt.  21S 

C«ppound,  DellQiH 

n  of,  T.  la 

lUdJriJ 

(«,§«. 

Compo 

or,  ^,  80, 101 

CODID. 

Cophp 

Cojj« 

£-,., 

itih  ^ecd]  ; 

881. 

aw*,  son. 

PjfrHw,  SB,  no. 

Comrt 

COTUM 

•e  Sahllmab- 

88B. 

DcW 

cSi^ 

jsr-" 

-SM.W. 

iS""**" 

'     Idmllty  of 
Ktun,  m. 


CrriulloMa,  111. 

CrrRUi,  InTKnlirttlM  of,  14ft. 

"       Mmiantloiu  on,  us. 

"        T-)n,  16". 
Cmnlo,  Bwntkl  Oil  of,  ML 
CmslnleArM.roi.GOB. 

"        AlJeblih,  tai. 
Cnmol.  *:7. 
CmnjUr  Alcohol,  601. 
OopdlUloB,  120. 


Onprk  Cu-boDitH,  880. 

^       Cl.LortdO.,i»l. 

"      NimiiMlsai,' 


eiRDiKb  ot  MO. 
O-ltar,  Mi. 


(^uutboUBE,  479.  —  TT. 
CjvshTdrtH,  nob. 
Cj*akAeld,4n.-R. 
■■      KUitn,472.  — 77. 


Inlia  Pinjpqrttou  Idw  at.  9. 

IHalyill.llS. 

Diuunonlr-hfTlo  Bnlphmlo   88&. 

DUnuod,  468. 

Dinl..inlc'Art,i.,9a,5'17 
BUiuic  Arid*,  OS  £^  613. 

I>lciil«tiTdrtD«,'61S. 
DkTuiii:  Ac4d,  4TL 
rHdrmiuD.  8M. 
DlnthoIlkUe  Acid,  6tl. 
DUaMoD  OuBoiu,  113. 

Llqold,  ilrt. 
IHmctlioulkAcLd.SU 
DliDtlTir  8)r.mn,  188. 
lllinnn>hliiii,  18G,  102, 335. 
Dlnitro-bi-iT>il,4Si. 
DIcpU*   MO, 


Dirr,  86^. 

imond  U(bt,  ML 

'Dit,.  O 

■noj-Hw,  aaa. 
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Eleetridtj,  Qoaatftj  of,  181. 
BIectroljr8l»«  166. 

Btoetromotifv  Force,  159, 100, 169. 
«•  **       Unit  0^160. 

Blectroplatiiig,  167, 821. 
Elements,  7 

"         CUmm  of,  192. 
"         Dlfltribution  of,  B, 
**        IndiTida&Uty  of,  70, 190. 
Emerald  Nickel,  866. 
Emery,  408. 
Emplectite,  279. 
Emirgite,  263. 
Bpidote,410,  456. 
Epsom  Salte,  856. 
Etiuiraleucy,  Cbemieal,  64. 
KfiulTslenta,  54. 
Erbium,  368. 
Erubencite,  880. 
Enrtbrite,  868, 619. 
Etherie  Adda,  508. 

"         '*      Secondary,  610. 
Etberiflcatlon,  491. 
Etbers,  90,  491.  —  402. 
*'      Compound,  492. 
"      Haloid,  493. 
•'      of  Glvcerine,  617. 
"      Mixed,  492. 
Ethomethoxalic  Acid,  611. 
Ethyl,  484. 

Etbylamine,  58, 242,  245, 472. 
Ethyl-glycollic  Acid,  51L 
Ethyl.lactic  Acid,  510. 
Ethylic  AceUte,  —  491. 
•*      Alcohol,  485. 
**      Chloride,  —  492. 
Cyanide,  —  489. 
Glycol,  605. 
Hydride,  477. 
Iodide.  ~  479,  494. 
"      Sulphate,  —  491. 
Ethylene,  477  —  479,  480,  604,  608. 

Bromide,  449.  —  61,  480,  606. 
Bromhydrine,  606  —  606,  507. 
Chloride,  479. 
Cyanhydrine,  606.  —  600. 
^        Ether,  506. 
"         Glycol*,  506. 
loiUde,  479. 
Oxide,  606. 
Ethylidene  Chloride,  600. 

"         Cyanhydrine,  610. 
Ethyline,  hit. 
Eiuential  Oil  of  Cumin,  501. 

••       Olid.  477,  481. 
Endlalyte,  489. 
Euxenlte,  29«{.  441. 
Exchange*,  Theory  of.  189. 
Expansion  by  Heat,  14. 


Fat  Adds,  90,  487. 
"      >'       iMmen  of;  49L 
Fats,  518. 
Fayallte,  879. 
Felditpan,  409. 
Fergiiiionlte,  296. 
Fermentation,  528. 
Ferrate*,  8^ 
Ferric  Acetat»,  8^. 
'*     Aneniaies,  879. 
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F^nfe  Chloride,  886, 887.  -'  470i 

*•     Ferrocyanide,  470. 

**     Hydrates,  878, 886. 

"     Nitrate,  886. 

"     Oxalate,  886. 

"     Oxide,  878, 888.  — 469. 

**     Silicates,  8i9. 

«*     Sulphate,  879,  886. 

"     Sulphides,  878,  888. 
Ferricyanides,  4 1 0. 
Ferrocyanides,  469. 
Ferrous  Carbonate.  878,  884. 

*«      Chloride,  886, 887.  —  288, 47Qi 

"       Ferric  Oxide,  878.  888. 

"      Hydrate.  886, 82. 

**       Nitrate,  885. 

*«      Oxalate,  886. 

•'       Oxide,  888. 

^      Phosphate.  886. 

"      Sulphate,886.  —  226. 

*«  **        Olpotassic,  898. 

«      Sulphide,  8^.  —  80O,  469. 
Fibroferrite,  879. 
Fire  Damp,  478. 
Flint,  445. 
Float  Stone,  445. 
Fluorine,  207. 
Fluor  Spar,  343, 207. 
Formic  Acid,  488, 490.  —  464, 614. 
Formyl,  484. 
Forsterite,  457. 
Fowler's  Solution,  259. 
FrankUnlte.  378. 
Frelesfebenlte,  273. 
Fumaxic  Acid,  514. 
*'       Series,  614. 
Fusible  AUoy,  276. 

a. 

Oadolinlte,  868, 441. 
Gahnite,  408. 
Galena,  S16. 
Gallic  Add,  628. 
Galvanic  Battery,  161. 
Garnet,  410, 448, 467. 
(}aseous  State.  12. 
Gases,  Molecular  Condltioil  of,  17. 
Gas,  Illuminating,  478. 
Gay  Lussac's  Law,  48. 
Genthite,866. 
German  BiWer,  866. 
GihbMite,  408. 
Gilding,  226. 
GUM,  214, 216, 447. 
Glaucodot,  868. 
Glockerite,  879. 
Gludnum,a68. 
Glaooae,621.~524. 
Glueoside,  522. 
Glyceric  Add,  516. 
Glycerides,  618. 

Glycerine,  98,  616.  —  497,  496.  618. 
"        Chlorhydrinc«,616. 
"         Bthem  of,  517. 
Glyceryl,  484, 516. 

**       Bromide,  —  518. 

Chloride,  —  61. 

Chlorhydrine,  616.  —  617. 

Cyanide.  —  618. 
Glydde,  617. 
GlyeoeoU,  244,  77. 
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183. 
dtmconir  AcU,  614. 

CJmii^  Ua. 

"       BmlSMit,  IGl. 
C«t,46a. 

oghiit,  as;. 

AmmoDto-Buai,  S8G 
■■       Bloom,  Sis. 


"         "  AbHrpUoB,  109. 
Coh«l™,li. -ST. 

ColcWhir.  38S.     • 


«oiilne,  !4H. 
CopbiiiItT,  !!T9. 


;;  8,im«trTj37. 

"  Bj.lemt.lte. 

CijitaJloMi,  III. 

CiTitKlt,  IrnKKlulUia  of,  W. 

••       Twin,  Ififl. 
Cnmin,  BkivikIkI  OIL  nr.  Wl. 
CiuiiliiliAi-U,(ll)l,tlM. 

"       Ald*bjd(,  Wl. 


•■      Cblortitat,  SSL" 
'J      U.driOt,  381. 

II      Orid»,^  -R4. 

"    pb»i^b>,  iao. 

"      fatatt.  Xi). 
"       Hilr»fli.oiM..,  ISa, 
"      Su]pb><r.ffi9.  —  M- 
■'      SnIphidH,  380. 
Cnpisiu  Chlnri'lc.  831, 
Coinni,  Eluciiic,  NnntlTf.  1 


CjWHifaoUu,  4TS.  —  TT- 

Cr»iifc  4(id,  471.  —  77- 
'■      Btbtn,  473.  —  T7. 


DubntlM,  I2S- 
Duk  IM  Btlm  O 
DubaUM.  338. 
Ddnlla  1^ 

DUjdi, 


Ilibil^rphUln.  1. 


IIIMKlU^bl.Ml. 

iiK,8;u 
lo.rtu.,  aas. 


Euthr  (Viuii,  am. 
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Electricity,  Qoaatitj  of,  lO. 
Blectroljr«iB«  166. 

Sleetromotiire  Force,  159, 100, 169. 
"  "       Unit  0^169. 

Electroplatliig,  167, 821. 
Elements,  7 

ClaMes  of,  192. 
Dintribation  of,  8. 
IndiTido&Uty  of,  70, 190. 
Emerald  Nickel,  866. 
Emery,  408. 
Bmplectite,  279. 
En&rgite,  263. 
Bpidote,410,456. 
Epsom  Salte,  856. 
EiialTsleucy.  Chemical,  64. 
E^luiTalentA,  54. 
Erbium,  368. 
Erubenrite,  880. 
Ervthrite,  868, 619. 
Etherie  Acids,  508. 

"         •*      Secondary,  610. 
Etheriflcation,  491. 
Ethers,  90,  491.  —  402. 
"      Compoand.  492. 
<*      Haloid,  493. 
»•      of  Glycerine,  617. 
"      Mixed,  492. 
Ethomethoxalic  Acid,  511. 
Ethyl,  484. 

Ethylamine,  58, 242,  245,  472. 
Ethyl-glycollic  Acid,  511. 
Ethyl-lactic  Add.  610. 
Ethylic  AceUte,  —  491. 
"      Alcohol,  486. 
"      Chloride,— 492. 
Cyanide,  —  489. 
Glycol,  505. 
Hydride,  477. 
Iodide, —479,494. 
Sulphate,  —  491. 
Ethylene,  477  —  479,  480,  504, 508. 
••         Bromide,  4i9.  —  61,  480, 506. 
Bromhydrine,  606  —  606,  507. 
Chloride,  479. 
Cyanhydrine,  606.  —  509. 
**        Ether,  505. 
"         Glycols,  606. 
"         Iodide,  479. 
4t         Oxide  506. 
Ethylidene  Chloride,  509. 

"         Cyaahydrlne,  610. 
Ethyline,  61< . 
Esaential  Oil  of  Cumin,  601. 

••       Oils,  477,  481. 
Endlalyte,  439. 
Euxenite,  29H.  441. 
Exchanges,  Theory  of.  189. 
Expansion  by  fiteat,  14. 


Fat  Acids,  90,  487. 
"      ''       iMmera  of;  49L 
Fats,  518. 
Fayalite,  879. 
FeldiiparN,  409. 
Fergnsonite,  296. 
Fermentation,  528. 
Ferrate^  8^ 
Ferric  Acetate,  886. 
<*     Arseniates,  879. 
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WerOt  Chloride,  886, 887.  -«  470i 

•*     Ferrocyanide,  470. 

«     Hydrates,  878, 386. 

"     Nitrate,  886. 

**     Oxalate.  886. 

"     Oxide,  878,388.-469. 

**     8Uicates,8^. 

**     Sulphate,  879, 886. 

*'     Sulphides,  87d,  888. 
Ferricyanides,  47l). 
Ferrocyanides,  469. 
Ferrouj  Carbonate.  878,  884. 

**      Chloride,  885, 887.— 288,4701 

'<       Ferric  Oxide,  878,  388. 

**       Hydrate,  886, 82. 

'•       Nitrate,  886. 

'•      Oxalate,  386. 

•*       Oxide,  388. 

•*       Phoephate.  886. 

**      Sulphate,886.  —  226. 

"  **         Oipotassic,  898. 

**      Sulphide,  8^.  —  809,  469. 
Fibroferrite,  879. 
Fire  Damp,  478. 
Flint,  445. 
Float  Stone,  445. 
Fluorine,  207. 
Fluor  Spar,  343, 207. 
Formic  Add,  488, 490.  —  464, 514. 
FormyL  484. 
Forsterite,  457. 
Fowler's  Solution,  259. 
FrankUnite.  378. 
Freieslebenlte,  273. 
Fumaric  Acid,  514. 
'*       Series.  514. 
Fusible  AUoy,  276. 

a. 

Gadollnlte,  868, 441. 

Gahnite,  408. 

Galena,  846. 

Gallic  Add,  628. 

Galvanic  Battery,  161. 

Garnet,  410, 448. 467. 

Gaseous  SUte,  12. 

Gases.  Molecular  Conditton  of,  17. 

Gas,  Illuminating,  478. 

Gay  Lussac's  Law,  48. 

Genthite.866. 

Ckrman  Silrer,  866. 

Gihb!<ite,  408. 

Gilding,  226. 

Glass,  214, 216, 447. 

Glaucodot,  868. 

Glockerite,  879. 

Gluclnam,868. 

Glaooae,621.— 624. 

Glucoside,  522. 

Glyceric  Acid,  616. 

Glycerides,  618. 

Glycerine,  98,  515.  —  497,  496,  618. 

"         Chlorhydrines,616. 

"         Ethers  of,  617. 
Glyceryl,  484, 616. 

**       Bromide,  —  618. 

*•       Chloride.  —  61. 

Chlorhydrine,  616.  ~  617. 
Cyanide.  —  618. 
GiTcide,  617. 
Glycocoll,  244,  77. 
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<*      Condensea,  wo- 
"      Sulpfanr,  &06. 
GlyeolUc  Acid,  92,  &05, 

Gljoxal,  611.  —  612. 
Olyoxalic  Acid,  611.  — 
Gold,  222.  ^^ 

*•     Bromide,  226^ 
«»     ChloridejJ24. — 
*<     Iodides,  226. 
««     Oxides,  226.  ,-, 

»«     and  ttodium  IlypBWlpwWt  »»• 
««     SuIphidM,  226. 
(WCbite,  S78. 
Or»Qite#,411. 
Orapbite,  459. 
Grmphitic  Arid.  46a 
Gn^y  Iron,  881. 
Gmnoekite,  a6». 
Ormi  ^one, -m. 

»     Vitriol.  879»  884. 
«f«T»V  OelU  168. 
UttAiM\84a 
GunuSOl.  ^^ 

Gan  Cotton.  (iR,  682. 
Gonpovder.  216. 

XL 

lUlloTflhN  410. 
Uia^»triehite.  4C0. 
lUrd  \V«t»r.  SK\ 
IUnm»t^«»e.  410, 455. 
H*^Hrrite.  SIS. 
lUuMMUuite,  873. 

^  '  of  Chemlc«l  C«nbte»tlan,128. 
•*     of  Otmibu*tk>n.  117. 
**     lfcipau*li>n  by,  M. 
•»      intent,  W 
»»     8ottre«»  of,  16. 


•»     9w<lfic,  16. 
"     Vult  of. 


.  _        .14. 
neuTT  Spar.  844. 
Hemartte.  878. 
Uetttihedml  FonM,  14& 
Hemitropc*.  15i>. 
llerrrnlte,  406. 
llemhe.  821. 
Heulandite,  -410.  467. 
Ilexao^nul  Sv^tem,  140. 
HexHtoinlo  Orpanic  OomwmiMh  W* 
llexvlene  lodo-hvdriile,  621. 
llippuric  Arid, 244,  m. 
Holohetlral  Fonn»,  1*R. 
Homolopou*  Series,  476. 
HomoloprueB,  476. 
HoneT,622. 
Hornblende,  8S6. 
Horn  Silrer,  220. 
**     Stone.  446. 
HjdrateA.  80, 29),  44& 
Uydric  Oxide,  20^ 

**      Peroxide,  202. 

*«      Peroulphlde.  812. 

«*      Seleidde,  taO.        ^^  ^,   __ 

««      Sulphide,  at».  —  810,  ni,  881. 

«•      TeUurWejMO.   ^^  ^,^  ^^ 
Hydrlodio  Acid,  210.  —  M,  616^  690. 
Sjdi^brank  Acid,  210  —84. 


Hy^^yiS  iSd,  488^  40.  «n.  4«.  48ft. 
HydroAuoboric  Acid,  282. 
Hydroflooiric  Add,  207. 

^^^    '  Alcoholic  Atom».ft4, 244,  466. 
Basic  Atom.  •4,a44»  496. 

Hydrogmiani.  426. 
Hydfomaatantc,  8d6. 
Hydio^ddric  Tluorldo,  4631. 
Hydio-tttMie- Fluoride,  481. 
Hydromrl  and  "jAnaJogn-^  »«. 
Hypochkwon*  Add,  2^  —  6g4. 
HypocWorou.  Anhydride  »©. 
HypophcaphoKHW  Acid,  ax,  Ao. 
Hyponnlphitea,  816. 
Hypofol^nious  Add,  81S»  815. 


Ignition,  Point  of, 
uVaite,  879, 467. 
Iniidca,246.    ^^ 
IndeUble  Ink,  22L 
Indigo  Copper,  880. 
Indium.  Sdv. 

Iodic  Acid.  — 814. 
Iodine,210  —  488. 
lodofbnn.  4d4. 
lollte,  466. 
Iridium,  422. 
Iridium  Componndi, 
Iridotmlne,  418. 
Iron,  877.  —  8^ 
"Cant,  880.         ^^ 
**     Metallurj^of,  fi«> 
"    OUTine,  8i9.  ^  ^. 

<*    Panita  Conditloik  «;  88i. 
»•    PTTHes.  806,  878. 
««    Wrought,  880. 
Iio«eid«,  491,  607. 
iBoamyttc  Alcohol,  48r. 
Isohexylic  Alcohol,  W. 
lUohexyliclodkie.ttL 
Iiiolo«oe,476. 
laomaleie  Acid,  614. 

^^»        tnLaetfeABilj.SIl. 
Itometric  SyttOT,  188. 
Iiiomorphiwp,6B.  ^^.^.^j— . 

Ifomorphous  Mixubwi^iiowwbb  i 
lnopronylie  Alcohol,  4». 
Itaconk  Add,  6M. 
lTory,BlMk.468. 


JaoMMnH8.n& 

Jarorite.879. 

Jan»rt446. 

KalK4Tl,2a. 

Kaottnite,410. 

Ketones,  4m. 
,  KIcwrite,  866. 

Kobellita,  V9 
I  KupfKBkkal,  8S& 
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LAbnulorite,409. 

Lactaniide.  244,  245. 

Lactic  Arid,  94,  609, 611.  —  634. 

Lactic  Family,  607. 

•*         "       iMmerlsm  in,  611. 

••  **        Normal  Acidn,  608. 

"  "        SecoDdary  Acids,  609. 

"         "       Tertiary  Acids,  611. 
Lactimide,  246. 
LactmethaDe,  244. 
Loctyl,  494. 
Lake*,  412. 
Lamp  Blaclc,  468. 
LanthaDite,  dM. 
Lanthanum,  864. 
LapiM  Laiuli,  410. 
Laughing  Oan,  289. 
Laurie  Acid,  4S8. 
Lava,  411 
Law  of  Ampere,  17. 

**     Definite  Proportions,  9. 

**     Oay  LaMac.  48. 

*•     Mariotte,  iS. 

'*    Multiple  Proportions,  10. 

»«     Ohm,  159. 
Lasulite,  409. 
Lead,  346. 

"     Soap,  516. 
Leucic  Acid.  509. 
Li>ucite,  400,  456. 
Leukon,  454. 
LeTulow,  522. 
Light,  174. 

Li^ht  Red  diirer  Ore,  220. 
Lime,  841.  —  81,  482. 

"     Chloride  of,  841. 
Limestone,  840. 
Lime  Water,  341. 


Limnite,  378. 
Limonite,  878. 
Linmeite,  8H8. 
Liquation,  272. 
Liquid  :5tate,  12. 
Litharge,  dit. 
Lithium,  217. 
Loadittone,  883. 
Lunar  Caustic,  220. 

H. 

Magnesia  Alba,  366. 
ALigne.'«ic  ('Arbonate,  865 

*'        Ctiloride,  866.  —  361. 

**        Hydrate,  364.  —  81. 

'*        Oxide,  354. . 

'*        Silicatefl,  366. 

»»        Sulphat*^  856. 
Magnexioferrite,  37o. 
MagneMitc,  S-V). 
Mogneffium,  354.  —  61. 
.Magnetic  Pyrites,  378. 
M.ignetite,  378. 
Malachite,  330. 
Malacone,  441. 
.M.tleic  .\cid,  514. 
Malic  Acid,  515, 620. 
Malonic  Arid,  6()5,  612. 
.Molonyl,  484. 
Manganblende,  378. 
i,  878. 


Bfaoganew,  Brown,  874 

*'  Red,  Oxide  of;  874. 

««         Spar,  373. 
Manganifi  Chloride,  376. 

"        Woxide,  376.  —  207, 300. 

"        Uydrate,  876. 
Hang^anite.  373. 
Manganocalcite,  373. 
Manganous  Compounds,  874. 

«         SiUco-ttuoride,  462. 
Manna,  620. 
Mannite,  520. 
Mannitic  Acid,  620. 
Marble,  340. 
Marcasite,  378. 
Hargaric  Acid,  488. 
Hariotto's  Law,  12. 
Marsh  Oas,  478.  —  486. 

**      "     Series,  477, 478. 
Massicot,  346. 
Melaconite,829. 
Melene,  474. 
Melissic  Acid,  488. 

*'       Alcohol,  486. 
Menaccanite,  378. 
Bleneghinite,  27& 
Merraptan,  487. 
Mercuramine,  336. 
Biercuric  Chloride,  835 

"       Cyanides,  467. 

"        Iodide,  335 

'»       Nitrate,  833.  —  884. 

•'       Oxide,  838. 

"        Sulphate,  834. 

"       Sulphide.  834.  —  382. 
Merenroos  Chloride,  334. 

"         Chromate.  —  399. 

'<         Nitrate,  338. 

"         Oxide,  383. 

"         Sulphate,  838. 

*<         Sulphide,  334. 
Mercury,  832. 

**       Ammonlated  Compoondf,  886. 
Mesaconic  Acid,  514. 
Me«itite,878. 

Metaphosphorio  Acid,  268. 
MetasUnnic  Hydrate,  436. 
Metathesis,  Conditions  of,  87. 
MeUthetical  Reaction,  86. 
Methyl,  72,  484. 
Methylamine,  242. 
Methyl-glyroUic  Acid,  610. 
Methyl-phenyl,  488. 
MethyUc.  Alcohol,  486. 

**      Hydride,  477. 
Mlargyrite,  273. 
Mica,  866.  410. 
Microcosmic  Salt,  264. 
Millerite,  9lV>. 
Blimetine,  348.  —  291. 
Minium,  347. 
Mispickel,  257,  378. 

Mixturw,  Dijttinction  fromCompoiiBdi,Kk 
MoIaMe(s522. 
Molecular  Condition  of  Oases,  17. 

**         Compounds,  182. 
.    ^        Structure,  68,  76»  474. 476, 610» 
626. 
Molecular  Weight,  18. 

**  *'       Determination  of;  UQL 

Molecolflo,  Definition  of,  11. 

**        ConsUtutioa  of,  131. 
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•*    oxiiF.a^  — ; 


Nitrocvn,  Rr^oiUr  ot,  SOL 

oi>r«ie  o<;  sa 

loiklr  of.  SOL 
OxkiK»cf,aL 

Ait'ijdriir.  298L 
Oxilr.  2».  dIO. 


Xi 


Ort»h«lrtt».  4301 
44L 
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Peroftkite,  430. 
PetaUte,  467. 
Petroleum,  468. 
Peirter,  434. 
Pharmaeofiederite,  879. 
Phenols,  601. 
Phenyl,  482. 

**       Alcohol,  602. 

"       Seriee,  477,  482.  601. 

"       Series.  Adda  of;  606. 
Phenylene,  488. 
Phoenlcocbroite,  408. 
Phosgene  Oas,  468.  ~  608. 
Phoephines,  2M. 
Phof phono  Anhydride,  268.  —  86, 489. 

Chloride,  256.  —  68,77,816|609. 
OxychloridB.  267. 
Sulphochlonde,  267. 
Phosphorite,  848. 
Phosphorous  Acid,  262, 267, 26L 
*•  Anhydride.  262. 

Chloride,  266.  —  66, 408. 
Iodide,  —  497. 
Phosphorus,  260.  —  266, 488. 

**  Red,  261. 

Phosphuretted  Ilydrogen,  266. 
Photography,  221. 
Physical  Properties  of  Hatter,  10. 
Physics,  Dvflnition  of;  8. 
Piclceringite,  400. 
Picric  Acid,  602. 
Pimelic  Acid.  612. 
Pink  Salt,  486. 
Pisanite,  879. 
Pitchblende,  298. 
Plaster  of  Paris,  842. 
Platinic  Compounds.  426. 
Platinous  Compounds,  ^SKT. 
PUtinum,  426. 

*'        Bases,  428. 
'*        Sponge,  418. 
Plumbates,  848. 
Plumbic  AceUte,  847.  ^  848, 810. 

"        Carbonate,  848. 

**       Chloride,  8^.  —  840. 

"        Chromate,  406. 

"       UydratM,  847. 

•<       Nitrate,847.— 40,287,210,466. 

'*        Oxide,  846. 

*•       Peroxlde,847.  —  806. 
Phosphate,  848. 
Sulphate,  848. 
Sulphide,  846. 
Sulphocarbonate,  466. 
Poles,  Positire  and  Negattre,  166. 
Polybaslte,  278. 
Polymerlnn,  184. 
Polymorphism,  188. 
PorceUln,  411. 
Porphvry,  411. 
Potasdo  Aluminate,  216. 

"        Acetate.  —  47B,  489, 488, 401. 

"       Bicarbonate,  216. 

«•       Carbonate.  216.  ->  467. 

•«       Chlorate,  iOO.  —  800. 

**       Chloride,  216. 

"       Chromate,  408.  —  800. 

**       Cobalticyanide,  870. 

**       Cyanate,  472. 

"       Cyanide,468.  — 871,460,472,618. 

"       Dichromate.  408.  --  880,  400. 
Dioxide,  21(C 


II 
II 
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Potaado  Btliylate,  ->  472. 

"       Perrieyanide,  470.  —  460. 

"       Fenoeyaoida,  460.  —468,  468. 

"       Fluoride,  —282. 

'*        Fluotantalate,  296. 

'*       Hydrate,  216.  -  82,  84.  200.  857, 

876,  468,  472, 480, 480, 604,  aO^ 

61& 
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Manganate,  876. 

Nitrate,  216.  —  288. 

Nitrite,  288. 

Oxalates,  464. 

Oxides,  2l6i 

Permanganate,  876.  —•  877. 

Persulphide,  812. 

Pyroantimoaiate,  280. 

Rntheniate,  410. 

8tanBate,486. 

Sulphate,  —  812. 

Sulphide,— 812.466. 

Sulphokydrata,  —812,  487. 

Sulphocarbonate,  89.  —  468i 

Tartrates,  217, 9N8. 

Tetroxide,216. 

Trichromate,  408. 
Potasslo-ferrous  Sulpkate,J10. 
Potassio-iridio  Chloride,  422. 
Potassio-iridous  Chloride,  422. 
Potassio-magnesic  SolphateL  866. 
Potassio-osmic  Chloride,  421. 
Potassio-palladio  Chloride,  434. 
Potassio-rhodio  Chloride,  422. 
•*         "      Sulphate,  422. 
Potassio-ruthenie  Chloridei,  420. 
Potassio^tannous  Chloiida,  486. 
Potasslo^lrconic  Fluoride,  440. 
PotasBium,  216.  —  466. 

•*  Alum,  400, 418. 

Predpltete,  De6nition  of;  86. 

"         How  represented,  86^ 
**         When  formed,  87. 
Printing  Ink,  460. 
Propione,  4d6.      / 
Propionic  Acid,  488.  —  610. 

'*        Anhydride,  488. 
PropionyU  484. 
Propyl,  484. 
Propylene,  477. 
Propylic  Alcohol,  486. 
'^      Olycerinst  618. 
••       Glycol,  606. 
"       Hydride,  477. 
Proustite,  2W,  268. 
Prussian  Blue,  470. 
Prussiates  of  Potash,  460, 47L 
Prussic  Acid,  468. 
Psiloroelane,  878. 
Puddling,  882. 
Purple  of  Casslus.  226, 487. 
Pyrargyrite,  220,  ^ 
Pyroantimonlc  Acid,  269. 
Pyrochlor«,296,44L 
Pyrolusite,  878. 
Pyromorphite,  848.  291. 
Pyrope,  449. 

Pyrophosphoric  Add,  252, 264. 
PyrophylUte,  410. 
Pyrotertarks  Add,  512. 
Pyroterfolc  Add,  496. 
^rroxene,  457. 
PyruTie  Add,  511.  —  612. 
*'      8atoi,6U. 


INDEX. 


Q. 
Qii&iitiT»I«nce,  66. 

•*  of  RadkalB,  6a 

Qnartation,  228. 
Quarts,  444. 

•«       Varieties,  446. 
Quick  Lime.  34L 
quinine,  249.     ^ 
Oi/incn€  «5^«yy 

R« 

Badical,  Atomicity  ot,  00, 182. 
**       Definition  of,  88. 
**       SuboUncet,  88, 18L 
Badieals.  Acid,  83. 
'*       Alcoholic,  78. 
*«        Basic,  83. 
**       Compound,  88,  48^ 
Kafanondite,  8t9. 
RammeUbergite,  865. 
Reaction,  Definition  of,  84. 
Realgar,  268 
Red  Hematite,  878. 

*'    Liquor,  414. 

"    Ochre,  878. 

*'    Oxide  of  Zinc,  867. 
ReducUon.  801. 
Remingtonite,  868. 
Rhodic  Salts,  421,  422. 
Rhodium,  421 
Rhodonite,  878. 
Rhombohedron,  140. 
Rinman's  Green,  87Ui 
Roccelllc  Acid,  512. 
Rochellc  Salts,  214. 
Roman  Alum,  418. 
Rougp,  888. 
Rubidium,  217. 
Ruby,  408. 
Ruthenium,  41d. 
Ratile,4a0. 


Sacebario  Acid,  620. 
Saccharine  Bodien,  52L 
Sal  Ammoniac,  24 (. 
Saleratus.  214. 
Salicine,  &Z&. 

Salicylic  Aciil,  504.  —  602. 
Saligvnine,  528. 
Sal  l»runelle.  216. 
Sal  8odA,  218. 
Salts,  86. 
"     Add,  87,  106. 

Basic,  87,  10& 

Nentnil,  87. 

Oxygrn,R8. 

Sulphur,  89. 
Salt  of  8orrel,  464. 
Sand,  445. 
Sandstone,  446. 
Saponification,  403,  615. 
Sapphire,  408. 
Sarcolite,  45<'>,  457. 
Sartorite,  2«'.8. 
Scalrnohednm ,  140. 
Scapolite,  410. 
Scheele*s  <}rwn,  260. 
Scheelite,  XH 
Scheeltine,  822. 
Bchorlomite,  879. 
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Boolaelte,  410. 
Scorodite,  870. 
Sebacic  Acid,  61X 
Selenic  Acid,  820. 
Selenite,  842. 
Selenium,  819. 
Senannontite,  268. 
Serpentine,  866. 
8iderite,878. 
Siegenite,  368. 
Silica,  444. 
BiUcatef,  446. 

*«       NaUf«,448. 
*'       of  Organic  Badieali,  464. 
SiUoeoofl  Sinter,  446. 
Silicic  Acid,  446.  —  86. 
"     Anhydride,  444. 
'*     Bromide,  468. 
**     Chloride,  462.  —  61,  466. 
*•    Bth«rs,464. 
"     Bthide.  464. 
**    Fluoride,  461. 
<«     Hydratee,  446. 
*«     Hydride.  458. 
'*    Hydrochloride,  464. 
**     Iodide,  458. 
''    Methide,464. 
*'     Sulphide,  451. 
SiUco-fluoric  Acid.  462. 
SUico-fiuoridat,  462. 
Silicon,  444. 
Silrer.m 
Silrer  Glance,  220. 
Slags,  880, 89t,  447. 
Slate,  411. 
Smalt,  870. 
Smaltine,  868. 
Smithsonite,  867. 
Soap,  214, 216. 616. 
Soapstone,  856. 
Soda.lime,  282. 
Sodic  Alum,  418. 
**   Aluminate,  414. 
**   Anienite,~268. 
**   Bicarbonate,  214. 
*«   Carbonate.  21&  —  214.  861. 
'«   Chloride.  218  —  206. 
'*    DL^ttlphate,  819.  —  87, 816. 
"    Bthide,  ~  496. 
"    Ethylate,  473,  492. 
<*   Hydrate,  214.  — 82,84,360,412. 
*'    Hyposulphite.  315. 
"    Mcthide,  —  489. 
*•   Nitrate,  216. —234. 
•'    Oxide,  215. 
•*    Peroxide,  216. 

'*   Phosphate,  Common,  264.  —  361 
*'   Stannate,  436. 
"   Sulphattf,  819.  —  86, 218. 
"    Sulphide,  312.  —  213. 
**    Sulphite,  815. 
Sodio-iridie  Chloride,  422. 
Sodio-platinic  Chlorida,  436. 
Sodio-rhodic  Chloride,  422. 
Sodlo-sirconic  Fluoride,  440. 
Sodium,  218.  -  481, 483,  402. 
Solder,  434. 
Solid  State,  11. 

"        "     Symbol  Ibr,  86. 
Soluble  GlaM,  446. 
SolutioD,  107 

**       Curres  of,  106. 


INDEX. 


Solntion,  DUbn  ttcm  Chem.  Chanee,  110. 

"        How  Indicated,  86. 

**       of  OftMi,  109. 
Spathic  Iron,  878. 
Specific  OraTitj,  1. 

"  •*        ofyapon,21. 

*'      Heat,  16. 
Spectra  by  Absorption,  187. 

*•      Chromatic,  170. 
Spectroscope,.  176. 
Spectrom  Analvris,  18L 
Specular  Iron,  878. 
Spelu,  865. 
Spermaceti,  488. 
Sphnrosidinrite,  878. 
Sphene,  480. 
Spiegeleiaen,  88L 
Spinel,  408. 
Spodumene,  457. 
Stannatofl,  486. 
Stannic  Chloride,  485. 

'•      Hydrate.  486. 

•*      Oxide.  487. 

**      Sulphides,  487. 
Stannous  Chloride,  484.  —  206. 

♦'       Hydrate,  436. 

"       Oxide,  487. 

**       Oxychloride,484. 

*«       Sulphide,  487. 
Starch,  521. 
Stearic  Acid,  488. 
Stearino,516. 
Steel,  882. 
Stephanite,  278. 
Stlbines,  271. 
Stiboniums,  271. 
Stilbite,  410,  456. 
Stochiometxy,  41. 

"  Rules  of,  42, 47, 48, 49. 

Strontianite,d44 
Btrontic  Sulpliate,  —  845. 

''       Sulphide,  -  845. 
Strontium,  844. 

"         ComponndB  of,  844, 846* 
Suberic  Acid,  512. 
Substitution.  65. 
Succinamic  Acid,  244. 
Succinamide,  243.  —  215. 
Succinic  Acid,  92,  505,  512,  614.    / 

"       Series,  612. 
Succinyl,  484. 
Sucroses.  521.  —  522. 
Sugars,  98. 

''       Cane,  521. 
"        Fruit,  521. 
«•       Orape,521.  —  86. 
«        of  Lead,  847. 
•*       of  Milk,  521. 
Sulphantimonites,  278. 
Sulphates,  310. 
Sulphides,  8U9.  818. 
Sulphites,  814. 
Sulphoarseniates,  268. 
Sulphoansenites,  263. 
Sulpho-bismutbJtes,  279. 
Sulpho-carbonic  Acid,  466. 
Sulphocyanates,  473. 
Sulphohydric  Acid,  809. 
Sulphur,  808.  -  812, 814. 815, 816. 

"        Anhydrides,  263. 

^       Compounds  with  Oxygen,  818. 

^       Flowers  of;  809. 


Bolphnr,  liver  of;  812. 
BUk  of;  800. 
*'       Salts,  89, 268. 
Sulphuretted  Hydrogen,  809. 
Sulphuilo  Acid,  816.  —  85, 86, 800, 814. 468^ 
486,  ^1,  493. 
"      Nordhausen,  819.  —  816. 
Anhydride.  815.  —  85,  40, 86. 
Chloride,  819. 
Sulphurous  Acid,  814>  816. 

**         Anhydride,  818.  —  816. 
••  Chloride,  819. 

SulphurylSo  Chloride,  816. 
Sycocerylic  AJcohol,  50L 
Syepoorite,  868. 
Sylranite,  821. 
Symbols,  83. 

'*       Bracketed,  74. 
"       Emphical,  69. 
"       Graphic,  70. 
"       Rational,  69. 
Synaptase,  628. 
Synthesis,  9. 
Synthetical  Reaction.  85. 
Systems  of  Crystals,  188. 

T. 

Tabular  Spar.  848. 
Talc,  856. 
Tannic  Acid,  628. 
Tannine,  528. 
Tanning,  528. 
Tantalic  Acid,  296. 

Anhydride,  296. 
Chloride,  298. 
Fluoride,  298. 
TantaUte,  297. 
Tantalum,  297. 

"         ComponndB  of,  208. 
Tartar  Emetic,  268. 
Tartaric  Acid,  519, 268.  —  217. 
Tartronio  Acid.  516. 
TeUuric  Acid.  820. 
Tellurium,  819. 
Tellurous  Anhydride,  820. 
Temperaturojte. 
Tennantite,a68. 
Tension  of  Oases,  12. 
Tephroite.  878. 

Ternary  Compounds,  Names  oi;  104. 
Test  Papers,  69. 
Tetradymlt^  276. 
Tetragonal  System,  189. 
Tetrahedrite,  278,  274,  880. 
Tetratomic  Organic  Compounds,  619. 
Thallium,  222. 
Thenard's  Blue,  870. 
Theory  of  Exchanges,  189. 
Thlacetlc  Acid,  — 77. 
Thomsenolite.  408. 
Thomsonite,  410. 
Thoric  Chloride,  441. 
Thorite,  441. 
Thorium,  441. 
Tin,  48a 

"    and  Aleohol  Radicals,  4S8w 

"    Butter  of,  481 

"    Pyrites.  488. 

**  Salts,  4d4  —489. 

«   Stone,  48& 
Tlnoal,280. 


14 

U 


t* 


INDEX. 


Tlteoie  IroD,  878. 
Titaniam,  480. 

Compoiaiii  tit  ^  tflf  tt2* 
Tttanoas  Chkirtdc.  480l 

**       OxMe,  488. 
TMnol,  477.— WL 
TMajrtte  Acid,60& 
T«pM,40e. 
Tonimaline.  228. 
Tnehyte,  411. 
TimTerOne,  dID. 
TriaoetiiM,  &17. 

Tmtomio  Organic  Compovadi,  6Uw 
Tribadc  Acids,  86, 466. 618.  * 
TricarballyUc  Acid,  618. 
Triclinic  System,  142. 
TriethjUoe,  617. 
Tiimetric  System,  141. 
TriphyUte,  879. 
Triplite,  8<8. 
TripoU,  446. 
Tromte,d78. 
Tufii,  810. 
Tungsten,  822. 

Compoondi  of,  tt2. 
Tungstk  Acid,  822. 

'*        Anhydride,  822. 
TarnbuU's  Blue,  471. 
Turpeth  Mineral,  884. 
Turpentine,  Oil  of,  477, 481. 
TurquoJs,  409. 
T«in  CrystaU,  160. 
Type  Metal,  266.  846. 
Types  Chemical,  62,  69. 

**     Condensed,  U. 

**     Miz«l,66. 

tJ. 

Ultramarine,  410. 
Unit  of  Atom&e  Wdght,  S7. 
"      Current,  169. 

ElectroiBotivie  Font,  169. 

Heat,  14. 

Molecular  Weighty  S7. 

QuantiTalence,  201. 

Resistance,  169. 

Specific  Gravity,  % 

Volume,  2. 

Weight.  2. 
Unitary  Theory,  96, 182. 
Uranit«,2g8. 
Uranium,  293. 
Uranium  and  Oxygen.  29Si. 
Uranous  Chloride,  XH. 
Urany  1,298. 

Chloride.  29g. 

Fluoride,  298. 

Hydrate^298. 

Nitrate,  96. 

Potassie  Sulpha^  2Bft. 
Uz«a,  248, 472, 47& 

V. 

Tiltntlnite,268. 
Tatanmlde,  246. 
Takrianio  Anhydriite,  488. 
flri«ieAiM,4». 
VU«otaofeieAdd,609. 
fUiUl,484. 
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Vanadio  Anhydride 
Vanadinite,  291. 
Yaaadiom,  29L 

mtfMi  of,  tn. 

**        Oxkka  of,  29L 
Vanadyl,  29L 
Vegetable  Kingdoa, 
Veimllion,lB4. 
Tesarianite,  466. 
Vinyl,  484. 

•^     Alcohol,  497. 

Vitriols,  819/829,'868,  »9, 

Virianite,  8i9. 

Voltaic  Battery,  16L 

Voltaite,  879. 

Volume,  1. 

Vulcanised  India  Rubber, 

W. 

Wad,  878 

Water,  201.  -  80,  81, 202.  480. 

*'      of  CryafealtettoB,  M. 

**      Glass,  446 
Wares  of  Ught,  176. 
WaTelUte,409. 
Weight,  L 
White  Iron,  881. 

*'      Lead,di8. 

"     Vitriol,  888. 
Witberite,  844. 
Wittichenite.279. 
Wolfram,  821 
WoUastonite,  467. 
Woody  Fibre,  62L 
Wulftnite,82L 
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Xanthoslderite,  878. 
Xylol,  4n. 


Y. 


Teast,628. 
Yellow  Ochrs,  878. 
Yenite,  879. 
Yttrium,  86B» 


Zantite,866. 
Zeolites,410. 
Zinc,  867.  —  86, 887, 479. 

*<    and  AlcoholRadlcali, 868b 

*•    Butter  of;  868. 

"    Methide.  — 478,498. 
Zinde  Carbonate,  868.  ~  88L 

«*      Chloride,  868. 

"     Hydrate,  867. 

**      Oxide,  867.  —  861. 

**     Sulphate,  868.— 64. 

'<      Sulphide,  861. 
Zinkenite.  278. 
2Slrcon,  440. 
Zirvonla,  440. 
Zirconium,  489. 


Zoicite,467. 
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THE  HAMILTONIAN  SYSTEM  OF  LOGIC  AND 

METAPHYSICS. 


A   TREATISE   ON   LOGIC; 

Or,  The  Laws  of  Pnre  Thought  Comprising  both  the  Aristolelio  and 
Hamiltonian  Analyses  of  Logical  Forms,  and  some  Chapters  on 
Applied  Logic  By  Fr  jlncis  Bowbn,  Alford  Professor  of  Moral 
Philosophy  in  Harvard  College.  Sixth  Thousand,  12mo.  Cloth. 
450  pp.    $2.00. 


<*  Amonr  English  aathon,  alk«r  8ir  William  HaailHoB,  I  bar*  bsea  chiefly 
indebted  to  ProC  Maoeel ;  and  hare  alio  derived  moeh  help  fioin  ThompaMi^ 
eieellent  *  Outlinee  of  the  Laws  of  Thought ' ;  but  the  work  would  not  have 
carried  on  in  the  same  epirit  in  which  ny  predeceeeora  began  it,  if  1  bad  not 
tared  reipectfally  to  diesent  fhun  eomeof  their  doetrlnee,  and  even  to  preeent  eeoM 
opinions  which  will  veiy  likely  be  fiMind  to  have  no  other  merit  than  that  of  ongi* 

nality Throughout  the  work  I  have  kept  eonelantly  in  view  the  wants 

of  leanien,  much  of  it  having  been  flist  suggeeted  while  attempting  to  eaponad 
the  Bcienee  in  my  own  clase-coom.*' 


Fnm  Jmnm  fPlsCktr,  D.  D.,  LUD.^  laU  PruidaU  qf  Harvard  Uitioeniliff. 

**  It  Is,  so  fkr  as  I  am  able  to  judge,  elagularly  complete,  and  yet  Is  bimght 
wHUn  leaaonable  limits.  Ae  an  Baglish  text-bnnk  In  this  department  of  phihiso- 
phy  I  have  eeen  nothing  to  be  compared  with  It.*' 


From  E.  O.  /TmrM,  LL.Z).,  late  PrutdaU  tf  Umvertttif  afJUicUgwm, 

M I  have  examined  the  *  Treatiee  on  Logic  *  by  Prof.  Frands  Bowen  with  great 
care,  having,  Indeed,  ussd  It  ae  a  ten-book,  and  have  found  it  the  most  thorough 
and  syiteroatic  text-book  on  the  subject  with  which  I  am  acquainted.  I  think  it 
ftiUy  euppliee  the  purpoee  for  which  it  was  written,  and  in  the  hands  of  a  good 
teacher,  it  fUmUbee  all  the  aid  that  he  or  hla  class  will  need.'* 


fWn  Fr^.  W.  D.  WiUvn,  JTtktrt  CMb/r^,  f7««ee«,  M  T. 

•*  It  le,  in  my  opinkm,  an  admirable  eompend  of  wliat  is  now  taught  as  Lsgie » 
presenting  with  great  clearness  and  skill  the  rival  fyeieme  of  Arietoile  and  Ham- 
ilton, with  a  very  ftill  and  fkir  exhibit  of  the  thoughts  and  opInloM  of  all  othsss 
whose  writlags  are  of  sole  on  the  sultfect.** 
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BOWEN'S  HAMILTON'S  METAPHYSICS. 

THE  METAPHYSICS  OP  SIR  WILLI  AM  HAMILTON. 

Collected,  Arranged,  and  Abridged  for  the  Use  of  Colleges  and  Pri- 
vate Students.  By  Francis  Bowex,  A.  >L,  Alford  Professor 
of  Moral  Philosophy  in  Hanrard  College.  Ninth  Thousand.  ISmo. 
Cloth.    Price,  $2.00. 

■ 

The  pabUaber  takes  pleuute  in  stRting  that  this  work  has  met  with  great  &vor, 
and  has  alnadj  been  introdaoed  as  a  text-book  In  all  the  prindpal  ooUegea  and 
instltntioiis  of  learning  In  the  country. 

Extract  from  the  Editor^ $  Prtfaet. 

**  As  any  coarse  of  inntraction  In  the  Philosophy  of  Mind  at  the  preaent  day 
most  be  reiy  Imperfect  which  does  not  comprise  a  tolerably  full  tIsw  of  IJamUton'a 
Metaphysics^  I  hare  endeaTorpd,  in  the  preeent  rolume,  to  fwepare  a  tezc-bo(A 
which  should  contain,  in  tds  own  language,  the  substance  of  all  that  he  has  writtea 
upon  the  subject  For  x3b\A  purpose,  the  *  Lectures  on  Metaphjsics'  hare  been 
taken  as  the  basis  of  the  work  ;  and  I  hafe  freely  abridged  them  by  stiiklnc  oat 
the  repetitions  and  redundancies  in  which  they  abound,  and  omitting  also,  in  great 
part,  the  load  of  citations  and  references  that  they  contain,  as  theae  are  of  Inferior 
interest  except  to  a  student  of  the  history  of  philosophy,  or  as  marks  of  the  sta- 
pendens  erudition  of  the  author.'* 


The  Rev.  Dr.  Walker,  late  President  of  Harvard  University,  in  a  note  to  the 
editor,  says  of  the  book  :  '*  Haring  examined  it  with  some  care,  I  cannot  lelhdo 
flrom  oongratulating  you  on  the  success  of  the  undertaking.  Too  ha?e  giTso  the 
Metaphysics  of  Sir  William  Hamilton  in  Ms  own  words,  and  yet  in  a  totm.  admins 
bly  edited  to  the  recitation-room,  and  also  to  prifate  students." 


Prof.  J.  Torrey,  University  of  Vermont. 

•«  The  editor  has  lefleoareely  anything  to  be  derirwL    The  work  prceniti  In  short 
oompiuw  the  Philosophy  of  Sir  W.  Hamilton,  In  his  own  language,  more  completely 
and  satlafactorily  than  many  students  would  find  it  done  by  the  antbor  himself  ii. 
the  whole  series  of  his  roluminous  and  seatterad  pnMluctlons.*  /    " 

From  the  North  Ameriean  Review.  \.  . ' 

"  Mr.  Bowen's  eminence  as  a  scholar,  thinker,  and  writer  In  this  department,  hik, 
large  experience  as  a  teacher,  and  his  experimental  use  of  the  '  I^ectorai '  ae  a  text- 
book, might  have  glren  the  assurance,  which  he  has  Ihlly  verified,  that  so  dellrate 
an  editorial  task  would  be  thoroughly,  filthftilly,  and  soccessf^lly  performed.  We 
eannot  doubt  that  If  Sir  William  were  sHIl  living,  the  rolume  would  have  his  cor- 
dial  tmpnmofirr ;  aiAl  the  students  of  our  colleges  art  to  be  congratulated  that,  the 
labors  of  the  great  master  of  Metaphysical  Science  are  now  rendered  moch  mon 
availing  for  their  benefit,  than  they  were  made,  perhaps  than  thsy  eoold  hare 
made,  by  his  own  hand." 
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